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Chemical changes that occur during the fermentation pro...
moss in the manufacture of cucumber pickles are complex and,
even at present,

little understood.

The desirable crispness

and firmness of_the salt stock and finished pickles are often
lost at some stage of the process.

Such pickles are olassi.•

tied as spoiled and therefore, an economic loss.

It is the

purpose of this investigation to study certain factors concerned with the softening of salt stock pickles in an attempt
to control softening.
It is generally accepted that the softening of salt
stock cucumber pickles is caused by the enzymatic breakdown
of the poetic substances
cells in the tissue.

or

the middle lamella between the

The exact source of the pectolytic en-

zymes and their mode of action in softening cucumber salt
stock has not yet been positively established.
Because of the importance of the pickle industry and the
fundamental nature of the problem, the study was carried out.
It is concerned mainly with the type of softening commonly
attributed to pectolytic enzymes and factors affecting its
detection, development, and control.
Inherent differences in texture among different varieties of cucumbers during fermentation were readily toted
early in the study.

Therefore,

in an attempt to establish

reasons for the differences and since softening had been

-2 -

correlated with degradation of pectic substances,

a more de-

tailed study wes made of the pectic substances,of common
varieties of oickling cucumbers and their changes during fermentation and softening.
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REVIEW OF LITERATURE
Part
Fermentation Studies
The softening of salt stock pickles has long been a
problem in the industry and many causes have been suggested.
Possible causes of softening in salt stock pickles have been
reviewed by Fabian, Bryan and Etchells (1932), Fabian and
Johnson (1938), Pandhl (1953), and Domain and Phaff (1957).
Recent work has correlated softening with the presence of
pectolytic enaymes.

Before enzymatic and other factors re-

lated to softening are discussed,

the nomenclature and pro-

perties of pectic enzymes will be reviewed.

A summary of the

present knowledge of pectic enzymes is given in Table 1.
Protopectinaage.
The name protopectinase is applied to the enzyme which
hydrolyzes or dissolves protopectin, the precursor of pectin.
Pharr and Joslyn (1947) and Kertesz (1951) reported that there
has been no significant contribution to our knowledge of the
existence of protopectinase since the work of Davison and
Willaman (1927).

?haft and Joslyn (1947) noted that Erlich

postulated that natural pectolysis of the intercellular layer
in plants is caused by the combined action of polygalacturonase
and pectinesterase, and that the enzyme "protopectinasen was
non-existent.

Kertess (1951) reported a growing view that

protopectinase and pectin-polygalacturonase are identical;

TABLE 1 Reported types of common pectic enzymes
General pectic
enzyme Jeroup

Sourcets)

Substrate

End
product(a)

pH
optimwa

Protopectinase

Pectic enzyme
sub-grou2 name
(1)
Protopectinase

Fungi,
plants

Protopectin

Pectinic acid.
pectin

3.5-4.0

Pectineeterase

Pectines tarase

Fungi, bacteria.
plants

Pectinic
aeid.padtiw

Pectic acid

6.5-7.5

Pectic acid
depolymerase

Tomatoes
mold

Pectic acid

Polymethylgalacturonase
(2)

Fungi

Esterified
pectins

Lower mol.
wet. polyuronides

Yeast polyGalacturonase

Yeast

Pectic acid
(4)

Mon-, di...,
and trigalacturonic
acid

Tomato polygalacturonase

Tomatoes

Pectic acid

Galacturonle
acid

Mold polygalacturonase

Mold

Pectic acid
(4)

Galacturonic
acid

.Bacterial polygalacturonase

Bacteria

Pectic acid

Galacturonic
acid

Polygalacturonaae

(3)

(planta)

ea 4.3
mule)
Tetra and
pentauronidea

5.3-5.5

5.5-60

4.4

4.5-5.0

U.6
(5)

Note: The pR range of a normal salt stock fermentation la 3.0-4.5.
(1) May be identical to polygalacturonase.
(2 ) Hydrolyse 26% of substrats.
(3) Occurs free et pectineaterase.
(10 Mold and yeast polygalacturonase can attack esterified pectins to a very limited
extent.
(5) Total activity range is pH 6.0 to 11.0.

this in harmony with another increasing opinion that protopectin is either a modification of pectinic said or is
composed of very large pectinic acid molecules.

Osawa and

Okamoto (1952) observed that protopectinase and polygalaoturonase were not parallel in action and yet could not be cal/
led two different enzymes because protopectinase action in
heterogeneous.
Pectinesterase
Pectinesterase catalyses the hydrolytic removal of methyl
ester groups from the pectin molecule.

Synonyms listed for

pectinesterams by Pilaff and Joslyn (190) include pectase,
pectin-methoxylase, and pectin mthylesterase.

Pectinesterase

occurs in the roots, leaves, and fruits of higher plants and
is also fol;med by a number of microorganidme.
Although pectinesterase does not hydrolyse the glyeoeidio
linkages of pectins, the findings of Jansen and MacDonnell
(1945) that de-esterification by pectinesterase is necessary
before polygalacturonase can hydrolyse the glycosidic linkages of pectin makes pectinesterase important in cucumber
softening studies.

Pectinesterase can occur in plant tissues

more or less tree of polygalacturonasej however, pelygalacturonase (Prom molds and bacteria) is always accompanied by
pectinesteraseBell, Etahelle, and Jones (1951) reported
finding pectinesterase in various parts of the cucumber plant,
including the fruit.

They found the pectinesterase content

salt stock brines to be low as compared to that of the fresh

.5..

fruit,
Po;ymalacturonase.
Polygalacturonese is reeponsible for the hydrolysis
of long chain polygalacturonic acid molecules into shorter
chain ones.

Synonyms for polygalacturonase include the terms

polygalacturonldase, pectinate'',
reacturonase,

pectolase, and pectin poly-

The exact extent of hydrolysis depends on

the source of the ensyme and the substrate it is acting upon.
Polygalacturonase is produced by some molds, bacteria, and
a few yeasts.

Kertez: (1951) reported findings of polygalact-

uronase in plants.

Bell (1951) reported a polygalacturonase-

like enzyme in cucumbers.
Recent work has shown that there may be a great many different types of polygalacturonase-like enzymes.
Enzyme preparations from molds contain polygalacturonaselike enzymes capable of hydrolysing pectic acid to monogalaeturonio acid (Rahman and Joslyn, 1953; McCready and McComb,

1953;

Altermath and Dewa r 1952).

Rahman and Joslyn

(1953) reported that at low concentrations of the enzyme the
hydrolysis never proceeded beyond 50 to
several days *

60

per cent even after

Jermyn and Tonkine (1950) reported an extremely

slow rate of hydrolysis after 50 per cent of the linkages
had been broken,
The possibility of the existence of several type» pectin-'
hydrolysing enzymes in molds has been reported.

According

to Pandhl (1953), achubert in 1952 and Ayres et al in 1952

dezeribed several different polygalacturonasee in extracts
from sold.

Schubert had reported at least four different

polygalacturonasee in extracts from Aspergillus piger.
Brooks and Reid (1955) presented evidence to confirm the
presence of several pectic enzymes in Aspergillus foetid»
an reported by previous works. The findings of Ayres (1956)
with poetic enzymes produced by Asperflillue foetidus,
mated the presence of two enzymes.

inti-

The first enzyme hydro-

lyses pectic acid to pants-and tetra galacturonie acids and
the seeond one produces mono-galacturonic acid.
Bobo*, Barrett, and Tatum (1952) and Seegmiller and
Jansen (1952) reported finding enzymes capable of hydr3lyzing
pectin without prior de-esterification.

The latter investi-

gators isolated the enzyme, polymethylgalacturenaee,
a commercial pectic enzyme product.

from

This enzyme was incapable

of products* appreciable amounts of mono-galacturonic acid.
A similar or identical enzyme was isolated by Robos, Barrett
and Tatum (1952) from deuroepora erases..

Similarities be-

tween the polymethylgalacturonseee reported by the two groups
of investigators included substrates attacked, extent of
hydrolysis, and products, and pli optima.
Thus far in this review, polygelacturonese-like enzymes
from one source, mold, have been discussed.

Ayres (1956)

described an enzyme from mold capable of degrading pectic
acid to pente-and tetra-uronides, but not to mono-galaeturonic
acid.

McColloch and Kertess

(1949)

found a similar enzyme

.7..

in tomatoes and called it pectic acid depolymerase.

Ozawa

and Okamoto (1955) obtained similar results with tomato
enemas.
Lull, Leonard, and Pharr (1956) studied the action of
partially purified tomato polygalacturonase on pectic acid
and on tetra-, tri-, and digalacturonic acids.
of hydrolysis were noted.

Two phases

The first phase for 25 to 30 per

cent hydrolysis consisted a rapid random cleavage of pectic
acids with no tree galacturonic acid produced.

The second

phase was alow and characterized by the accumulation of mono'.
and digalacturonic acid.

McCready, MeComb, and Jansen (1955)

reported results with tomato and avocado enzymes.

Neither of

these studies postulated the existence of two enzymes.

Pre-

sent knowlsdge does not establish whether pectic acid depolymerase actually exists in tomatoes or whether the tomato
polygalacturonase han a special affinity for larger sise
pectic *mid molecules.
Liih and Phaft have reported on yeast polygalacturonase
in a series of studies (Luh and Pharr, 1951;
1952; and Luh and Matt, 1954).

Pharr and Wh o

Their tiret report indicated

only a partial hydrolysis of pectic acid.

Later :studies

indicated that 16 per cent of the substrate was converted to
monogalacturonic acid.

Yeast polygalacturonase was found

to he free of pectinesterase.
Pandhl (1953) in a comprehensive review of pectic) enzymes reported that Wood in 1951 described hydrolytic pectie

.8..

enzymes produced by bacteria and stated that these enzymes
differed from fungal polygalacturonases in several aspects
including pH optima and their inability to substantially
increase the reducing power of pectin solutions while causing very rapid reduction in viscosity.

Nortje and Vaughn

(1953) described similar enzymes from Bacillus subtilis and
Bacillus pumilus.
Because of the lack of complete knowledge of properties
and modes of action of enzymes capable of hydrolyzing pectic
substances, the term polygalacturonase will be used in the
present study to refer to any pectic enzyme capable of causing hydrolysis of the glycosidic linkages of pectic

substances

other than protopectin.
letthoda of rereurat_ionz;Trne activity.
Several methods for the detection and measurement of
polygalacturonase are known.

Pharr and Joslyn (1947)

the following quantitative methods:

listed

(1) by the increase in

reducing power caused by liberation of aldehydic groupe of
galacturonic acid or one of its polymers;
in weit7ht of calcium pectate,

(2)

by the decrease

obtained from a test solution;

(3) by the decrease in the amount of alcohol precipitate from
a test solution;

(4)

by the marked drop in viscosity of a

pectin solution under the influence of the enzyme;

and

(5)

by following the decrease in optical rotation during the hydrolysis of polygalacturonic acid to monogalacturonic acid.
Vaughn et al (1954) used a sodium polypectate medium for

qualitative detection of pectolytic enzymes secreted by
bacteria.

A loss of gel indicated positive pectolytio en-

zyme activity.

A similar media, using sodium ammonium pee-

tat., had been used by Nortje and Vaughn (1953) for detecting and differentiating pectolytic-enzyme producing bacteria.
Bell and Michelle (1956), investigating pectin hydrolysis by
salt tolerant yeasts used a citrus pectin media for a qualitative detection of pectolytic enzymes.

To their media to de-

toot pectinesterase, they added calcium chloride solution.
A gel indicated positive pectinesterase activity.

Then to

detect hydrolysis of pectin, sodium hydroxide was added to
the media to saponify methyl ester groups.

If a gel occurred,

the culture was considered negative for both de-esterification
and glycosidic hydrolysis.
Por quantitatively measuring pectolytic enzyme activity,
a combination of procedures are often used.

Luh, Leonard,

and Phaff (1956) measured the increase in reducing groups and
decrease in viscosity.

Rahman and Joslyn (1953) followed

changes in calcium and alcohol precipitable matter, reducing
power, viscosity, specific optical rotation and osmotic pressure«
Bell, Etchells and Jones (1950) reported that pectolytic
enzyme concentrations in salt stock brines were too low to
be evaluated by measuring an increase in reducing groups.
Nortje and Vaughn (1953) experienced a similar difficulty.
Jansen and MacDonnell (1945) reported a 50 per cent loss of
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viscosity with a two per cent hydrolysis of aycosidio bonds.
The method of Bell, Etchells, and Jones (1955) is based on
viscosity changes.

Bell (1951) used viscosity changes to

indicate a polygelacturonase-like enema in parta of the oucumber plant.
Causes _of sotteningL in salt stook pickles.
•

The causes of softening of salt stock pickles have been

reviewed and evaluated by Fabian and Johnson (1938), Pandhi
(1953), and Demain and Phaff (1957).
The work of Fabian, Bryan, and Etehelle (1932), Fabian
and Johnson (1938), and Bell, Btehells, and Jones (1950)
has quite firmly established the cause

or

softening to be a

degradation of pectic substances by pectolytic enzymes.
Fabian and Johnson (1938) showed an increase in soluble pectin in soft pickles but no change in total pectic substances.
Bell, Stevens, and Jones (1950) correlated pectolytic eneme activity in cucumber brines with softness of the salt
stock.

The addition of purified mold polygalacturonase re-

sulted in soft salt stock.
The sources of the softening enzymes are numerous and
the exaet source of these enzymes in cucumber brines or
'methods for their control have not yet been fully established.
Bacteria.
According to Fabian and Johnson (1938), Aderhold in 1899
is one of the earliest known researchers on pickle softening.
Ne reported 3acterium coil as the cause of softening.,
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Ressewies, as quoted by Fabian and Johnson,

in 1908 blamed

the Baoillus mesentericus (Bacillus subtils) group for the
softening of pickles.

Rahn in 1913 and LeFevre in 1919 car-

ried out studies on cucumber pickles and both listed various
contributing factors in the spoilage of malt stock.

Of the

many organisms capable of softening cucumbers studied by
Lerevre, only Bacillus vulgatus was capable of growth in the
salt concentration commonly found in most pickle fermentations at some stage of the process and in the pH range from
440 to 7.0.

He concluded that softening in cucumbers was

caused by a wide range of micro-organisms including the sortrots,

cellulose destro7»ro, and spore-forming aerobes.
A review by Tanner and Eagle (1926) cites Easbrouok in

1910 as stating that salt and temperatures are important
factors to be controlled.

Ne also quotes Rahn as emphasising

the fact that the seum yeasts use up the acid and allow
Bacillus mesentericus (Bacillus subtile) to develop and cause
softening.
Fabian, Bryan, and rtchells (1932) and Fabian and Johnson (1938) in a series of studies on pickle manufacture included studies on softening.

First, a micro-scopic study

showed that there was an absence of pectic material between
cells of pickles beginning to decompose.

This same study

also showed that the softening started at the blossom end.
This preliminary study was followed by bacteriological,
symological, histoloecal„ and chemical studies of soft salt

Stock plokles.

An organism corresponding in all essential

details to Dae;llus mesenterigme fuscug (BeRilles subtille)
was isolated tram the brines and found to be capable of
«using some softness in pickles within six to 12 hours and
»Whines* with 12 to 24 hours.

The organisms themselves

grew in media containing as much as 11 per cent salt; howeVerie the enzyme antion or cucumbers was inhibited by a two
per cent salt coneentration.
Mere recently Mortje and Vaughn (1953) have studied
"Melly* qubtills, and Bacillus pumilus isolated from cucun.
ber fermentations.

They ooncluded that the species listed

above were net involved in softening of cucumbers or olives
which undergo a normal fermentation.

However. Vaughn Litel

(1954), an the result of a survey of the microbiological
population of spoiled commercial pickle brines, concluded
that 11. inetille and 11. pumilus could cause softness
*aim conditions were met.

Thee. are:

ir

ear..

(1) the bacilli must

predominate the microbial populations of the cucumbers and
their fermentations. (2) the pH of the brine must be

5.5

or above, and (3) the desirable lactic acid fermentation
Mat

be arre.keteed

in

soma *limner so that the pH of the brines

will remain high for several days.

The normal pd of salt

*took brines la approximately 3.0 to
below an initial

of

5.5

4.5

and rapidly goon

if a normal fermentation is taking

place.
Vaughn mdlia, (1955) investigated bacteria of the 3agillus
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macerans-polympta group and suggested that they could cause
softening of pickles.

In vitro studies showed that this

group of bacteria could soften a polypectate gel medium and
could grow in an environment with a pli as low as 3.8.

The

most limiting factor seemed to be salt tolerance which was
reported as less than 10 per cent for the most resistant.
*trainee cultures of these bacteria.
At the present time, bacteria are credited with a minor
role in causing softness of salt stock pickles.
Molde.
Fabian and ?evil/.

(1949)

isolated a mold,

later iden-

tified as Oosrora lactis, from softened dill rickles.

They

blamed an overlong freshening period and the utilisation of
contaminated used barrels for storage as contributing feetors.
Vaughn et al (1954) found pectolytic fui,g1 of the genera
Pusarium, Aspergillus, and Penicillium on field samples of

.100.1.MMI1.1.1.0•1•1•1».M11.

cucumbers.

Balatsouras and Vaughn (1956) isolated 37 pectin-

olytic fungi from salt stock brines.

The genera Pusarium

and Penicillium predominated in the isolates.

The isolates

produced softening of polypectate gels in vitro under a variety of conditions and were associated with the softening of
olives and cucumbers.
Melons, 1011, and Jones (1954-1955)

(1955) -ita siries

of studies implicated mold as the primary cause of softening
in salt stock.

They noted a greater retention of cucumber

blossoms on early season cucumbers along with a great evidence of softening.

The blossoms were investigated for pee-

tolytie properties and found to be an extremely potent potent source di

Identification studies revealed species of

mold belonging to 40 different genera and families.

Practi-

cally all of the 10 predominating genera, representing 92
per cent of the isolates, had the ability to destroy pectin
in culture media.

Preventive measures included removal of

blossoms and drainage of the brines after 36 hours of fermentation.
As can be seen from Table 1, the optimum pH range for
mold polygalacturonase is close to the pH range commonly
found in salt stock fermentations.
Yeasts.
Yeasts flourish on the surfaces of salt stock fermentation vats and have been suspected of causing deftness.

letchells

and Bell (1950) reported that yeasts isolated from salt
stock brines caueed bloaters (hollow pickles) but were not
capable of hydrolysing pectin.

Most of the film-forming yeast

species were capable of de-eeteritying pectins.
Bell and Etchells (1956) studied 139 yeasts cultures,
the majority of which came from commercial cucumber brines,
for their ability to hydrolysis pectin.

Only six of the cul-

tures tested gave clear-cut teats for glycoaidic hydrolysis
of pectin and none of these were from cucumber brines.

Demain

and Pharr (1957) reported that Stchelle are Bell adaed the

above mentioned yeasts to pasteurised fresh cucumbers in
the presence of 0.3 per cent lactic acid and five to six
per cent salt (sodium chloride).

The brine yeasts were

negative in pickle.softening activity.

Saccharomyces fra-

ells, not isolated from cucumber brines, was positive;
however, 8. fragilis does not ordinarily grow on salt stook
brines.
Yeasts have not been incriminated as sources of softening ensymes in salt stook brines.

However,

since they can

cause deaPesterification of the pectin, they may be a contributing factor in making salt stock more susceptible to pectinhydrolysing enzymes.
Other factors possiblz related to softening.
Studios by Bell (1951) indicated that the ripe cucumber
itself may well be a source of a polygalacturonase enzyme.
Unripe whole fruits showed negative to weak pectolytic enzyme
activity while the ripe, whole fruits of the Producer, Model,
and National varieties showed strong enzyme activity.

Seeds,

staminate flowers, and the pollinated pistillate flowers of
the Producer and National varieties were strongly positive in
enzyme activity.

The test method used was the lose of via-

eosity of a standard pectin solution at pH 4.0.

Osawa and

Okamoto (1952) detected polygalacturonase paper chromatographically in cucumbers.
Kertess (1943) found that hydrogen peroxide rapidly
degenerated dissolved pectin to a form which could no longer

be classified as a pectic substence.

He suggested that some

of the changes in pectic constituents of plants in

emu,

may

be the result of the action of peroxides on these substances.
Deuel (1943) reported similar results with hydrogen peroxide
at room temperature.
Les» and Gruen. (1928) stated that softening of pickles
was caused by high acid concentrations in the brine.

Their

studies were made on a limited laboratory scale and at present a high acid cc.4.1.1entration is considered a minor contributing factor in softening.

Joslyn (1929) could not duplii.

eate the results of Lesly and Cruses.

Hi. studies indicated

a bacterial causative of softening in dill pickles.
Peotolytic enzymes may not be the only group of enzymes
responsible for causing softness.

Jell, Etchells o und Jones

(1955) reported findine, a cellulolytio ens7me in cucumber
brines.

These authors mentioned that others had also found

a cellulolytic enzyme in cucumber brines.
Kertess (1951) reported several studies made on pectic
aubstanees in truite and vegetables during maturation and
storage.

The studies indicated that some softening of fruit

is the result of the natural metabolic changing of protopectin
to pectin during ripening.

A recent study by MoCready and

McComb (1954b) eitr, unripe and ripe pears, peaches, and avoeadoe seemed to confirm this assumption.

:Ater, Ball, and

Maelinn (1956) found that protopectin decreased and pectin
increased in harvested red-ripe tomatoes stored at 40 ° P (4.4°00
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for periods up to 21 days.

Postlmayr, Wh o and Leonard

(1956) found that in inherently firm clingstone peaches, a
high retention of protopectin was the major factor for the
firmness.

In softer freestone peaches, protopectin was con-

verted into water-soluble pectin during ripening.

Changes

and variations in changes during maturation and storage should
be considered sa possible interrelating factors in evaluating
firmness in salt stock.
That some varieties of cucumbers remain firmer than
others during pickle fermentations is inferred by preliminary
experiments by the author and also by Jones and Etchell (1950)
and by Jones, Etchells, and Monroe (1954) Who stated that
physical and chemical characteristic's which can differ among
varieties affects their suitability for pickling.

These in-

vestigators also stated that the principal deteriorative
changes during brine curing may be influenced to a considerable degree by the variety of cucumber.
Ware et al (1953) examined several varieties of cucumbers and noted differences in firmness among the varieties
as fresh cucumbers and as salt stock.

Miller and Ries (1955)

reported that certain varieties varied in firmness more than
others at certain localities.
Miller and Ries (1)55)

reported that location influenced

salt stock characteristics irrespective of variety.

It was

not possible to determine if these differences were due to
different soil, cultural, or climatic conditions.

Fabian.

Bryan, and Etchells (1932) quoted LeFevre as

listing too rapid growth and the use of certain fertilisers,
as sodium nitrate,

ening.

as contributing factors in cucumber soft-

Ware et al (1953) found no differences in firmness

of cucumbers fertilized with manure or different rates of
sodium nitrates.

Sayre, Kertess, and L000nti (1940) could

not appreciably affect the calcium or potassium content of
tomatoes by growing them on soils with varying amounts of
calcium and potassium salta added.
Although it is generally accepted by investigators that
enzymatic pectic substance breakdown is the cause of softening in salt stook pickles s it must be remembered that there
may be other factors contributing to softness either by themselves or in an interrelationship with one or more other factors«
Studies of textural changes in other brined fruits and vegetables.
Softening of tissue during storage in brine is not limited to salt stock cucumbers.

Cruess (1947) observed Penicil-

lium growth on solutions in whiah olives were kept and suggested that stem-end softening was due to the action of pectio
enzymes.

He added some commercial pectic enzyme preparation

to the solution and stem-end softness developed.
Sterling (1956)

studied textural changes during the

"dark-ripe n method of processing olives.

An increase in

firmness of the tissue during prolonged storage was related
to increasing de-esterification of the pectic materials plus

calcium neutralization of the newly-formed free carboxyl
groups.

Nortje and Vaughn (1953)

pointed out that,

under

alkaline conditions used in processing olives, bacteria of
the Bacillus subtilis and Bacillus pumilus species were probably involved in softening.
Duraih (1954), reporting on the softening of pickled
cabbage, attributed softening to the decomposition of the
pectic compounds in the cell membrane.

?actors involved

were autolytic-ensymic processes during the fermentation,
varieties, and growth conditions.

The only preventive mea-

sure given was maintaining low temperatures during fermentation.
McCready and McComb (1954) found that the most significant difference between firm and soft brined cherries was
the molecular size of their pectic substances.

Pectin-de-

grading enzymes were suggested an being responsible for softening.
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Part II
Pectic Substance Studies
Pectic substances are found almost universally in
plant tissues.

Their function in these tissues la to act

as cementing substances between cells.

The effects of

poetic substances and their enzymatic alterations on the
quality of foods has become recognised with increased knowledge of the nature of pectic materials.

The heterogeneity

of the pectic substances plus the ease with which they are
altered during extraction and by enzymes has hindered the
development of a more specific and exact knowledge about
them.
Owens et al (1952) suggest that

na

pectin determina-

tion is somewhat empirical and has in it not a little art
and philosophy."

Kertesz (1951) in reviewing definitions

of pectic) substances reveals that the uncertainty of the
limits of the term pectic substances is caused by a lack of
definite knowledge of the basic structure of Uhese materials,
especially concerning the minimum molecular weight at which
a polygalaoturonic acid also becomes a pectic acid.

Joslyn

and Pharr (1943) stated that although the unique physicalchemical characteristics of the pectic substances have long
been recognized, the difficulty of isolating them in pure
condition and the failure to realize that they are naturally
heterogeneous has led to much confusion and contradiction in

the early literature.
Because of this confusion in definitions the American
Chemical society in 1926 formed a committee on the nomenclature of poetic substances.

Their definitions are based

largely upon solubility characteristics and chemical cowfiguration.

As reported by Kertess (1951)

and Joslyn and

Phaff (1947) the revised definitions of the pectic substances
as they pertain to the present study are as follows:
Pectic substances.
A group designation for complex,
colloidal carbohydrate derivatives which occur in or are
prepared from plants and contain a large proportion of
anhydrogalacturonic acid units which are thought to exist
in a chain-like combination.
The carboxyl groups or
polygalacturonic acids may be partly esterified by methyl
groups or completely neutralised by one or more bases.
Protopectine
The water-ineoLible parent pectic substance which occurs in riants and which upon restricted
hydrolysis yields pectin or pectinio acids.
Pectinic acids.
Colloidal polygalacturonic acid containing more than a negligible proportion of methel ester
groups.
Pectinic aside, under suitable conditions, are
capable of forming gels with sugar and acid, or it suitably
low in mothoxyl content, with certain metallic ions.
The
salts of pectinic acids are either normal or acid pectinates.
pectin.
Those water-soluble pectinic acids of varying
methyl ester content and degree of neutralisation which are
capable of forming gela with sugar and acid under suitable
conditionn.
Pectic acids.
Pectic material mostly composed of colloidal polygalacturonic acids and essentially tree from
methyl ester groups.
The salts of pectic acids are either
normal or acid pectates.
The chain structures of pectic acid and pectin are shown
in Figure 1.
Analytical and characterisation procedures ()wens et al,
1952; McCulloch,

1952; Kertess,

1951) rely on obtaining
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knowledge of the pectic substances by fractionating them
according to solubility properties, and measuring the amount
of pectic substances in each fraction.

The fractionation

solvents and treatments are often combined into one extraction for the estimation of total pectic substance.
Extraction of total pectic substances.
lextreetion. procedures for total pectic substances have
been approached from two points of views

(1) preparation of

extracts for commercial use, and (2) separation for chemical
analyses and structural investigations.

The present review

will be concerned only with procedures intended for the
latter purpose.

However, the two procedures do not always

greatly differ for total poetic substance analyses.

Total

pectic substance extractions depend on degradation in order
to increase solubility and further characterisations are
usually not attempted on these pectic substances.

Commercial

extractions are usually more severe than those used for
fractionation procedures.
Total pectic substance can be reported as the sum of
pectic materials isolated by the fractionation procedures
to be discussed later.

McColloch (1952) and Kertess and

UcCollooh (1950) have reported findings on this basis.
Extractions for the determination of total pectic substances are carried out with the use of solubilising agents
often accompanied by heat.

Hinton (1940) used 0.05 N HC1 at

80 0c. for extracting pectins.

He varied the time of extraction
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according to the material being extracted.

Williams and

;04nion (1944) reported a similar extraction procedure at
85° C.

Kertess (1951) recommended 0.05 RC1 at 80 ° C. for

two hours with ocremslustal stirring.

stark (1950) used hot

dilute UC1 followed by treatments with 0.4 per cent NaOH
to extract total pectic substances from cotton.
Fabian and Johnson (1938), following the recommendation
of Carre, used 0.5 per cent ammonium oxalate for extracting
total pectic substances.
steam bath.

Heat was applied by means of a

Two extractions were made, the first for 24

hours and the second for six hours.

Repeated extractions on

the same sample continued to extract pectic materials.
Bennett (1944) made extractions of pectic substances by
heating with
for about

45

0.6

80 0c.

per cent dibasic ammonium citrate at

hours.

Baker and Coodmansee (1937) used polyphosphates to remove calcium ions and facilitate pectin extractions.

Diets

(1953), working wità1 orange juice concentrates adopted an
extraction procedure using water first and then 0.4 per cent
sodium hexametaphosphate for 10 minutes in a boiling water
bath.
Owens et al (1952) reoommended stirring with a dilute
Calgon solution at pH

4.5.

The stirring was carried on at

90..95°C. for 60 minutes for the extraction of total pectic
substances.
McCready and McComb (1952) used pectic enzymes in

combination with a calcium sequestering agent (ethylene
diaminetetra-aoetio acid tetrasodium salt under the trade
name of Veneno, regular) for the extraction of total pectic
substances.

Their extraction method has the advantage of

not requiring heat for hydrolysis of the pectic substances.
Methyl esters of the pectic substances are removed during
the extraction by holding the extraction mixture at pH 11.5
for 30 minutes at 29C.

The method of McCready and McComb

has been widely used in recent investigations (Sterling,
1956; McCready and McComb,

1954;

Postlmayr, Luh, and Leonard,

1956).
Recent methods ron the extraction of total pectie substances are more severe than the older ones.

In the older

methods, care had to be taken in extracting pectic) substanees
to retain sufficient original configuration so that they
could be precipitated by alcohol or calcium salts.

The de-

velopment of methods for the direct determination of galacturonic acid has permitted some degradation during extraction.
Extraction of different fractions of pectic substances.
More information in obtained about the character and
properties of pectic substances by extractions of pectic
materials of different solubilities than from the total pectic
substances alone.
The definitions of protopectin, pectine acids, and pectin suggest solubilising agents that could be used.

These

solubilities are depandent upon the configuration of the

pectic substances.

Most studies report three extractions

of pectic substances of varying solubility.

The first is

pectin, usually by water; the second is pectinic acid, by
•
agents capable of sequestering or removing divalent cations;
and the third is protopectin, by harsher agents such as
highly dissociated acids.
Most extractions of th* different fractions are made
from dried sugar-free tissues.

The general procedure

(Pabian and Johnson, 1938; Stier, Ball, and Maclinn, 1956;
Kertess and McColloch, 1950; McCready and McComb, 195413)
is to slice or cut up pieces of the material to be examined
into boiling conoentrated ethanol so that the final alcohol
concentration is above 70 per cent.
continued for 10 to 20 minutes.

Heating above 70 0 C, is

The alcohol le then filtered

off and the residue dried and ground.

The purpose of this

treatment is the extraction of interfering sugars and the
inactivation of pectic engymes.
The suggested extraction procedures for the watersoluble fraction are quite uniform.
times do vary somewhat.

The concentrations and

Kertess and McColloch (1950) used

two extractions of two hours each for 25 g. of dried material
with 800 ml. of water.
water for each part

or

Sterling (1956) used nine parts

or

dried tissue.

There is more variation in the procedures for the extraction of the pectine acid fraction.

One of the more

common solubilising agents for this fraction is amnonitua
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oxalate need.at*temperatures from 25 to 30 ° C.

McColloch

(1952) recommended an extraction with 0.2 per cent ammonium oxalate at 30°0.

Kertess and MoColloch used o.5 per

cent ammonium oxalate at 30°C. to extract the pectinic acid
traction from tomatoes.

Stier, Ball, and Maolinn (1956)

also used 0.5 per cent ammonium oxalate with tomatoes.
Leonard, and Dempsey (195/0 used

0.2

Lull,

per cent ammonium

oxalate to extract a fraction of pectic substances from
tomatoes.
Mertens (1951) listed polyphosphates among the solubilising agents for pectinic acids.

Baker and üoodmanase

(1937) used polyphosphates to facilitate pectic extractions.
Sodium polymetaphosphate (Calgon) has been used by Bettelhelm aïld Zterling (1955) for fractionating pectic substances.
However, Owens et al (1952) reported that Oalgon is diffioult
to remove from alcohol precipitates.
The sodium salt of ethylene diamine tetra-asetio acid
(Versant', Regular), hereafter referred to as Versens, was
listed by Owens et al (1952) as an acceptable cation acceptor
for pectic, substance extractions.

It la most efteotive at

pH 11.0 to 11.5 # but has been successful used at pa

6.5

to extract the pectinic acid fraction.

values results in demethylation.

The higher pH

McCready and McComb (1954b)

used 0.5 per cent Verson* solution» at pH
substances in ripe and unripe fruits.
vestigators (McCready and )tcComb,

6.0 to

6.0

to study pectic

These same two in-

1954a) also used Verson.

to study extracts from soft and firm brined cherries.
Other studies of pectinic acide extracted with Versene include those of Sterling (1956) on olives and Postlmayr,
Luh, and Leonard (1956) on peaches.
PostImayr, Luh, and Leonard (1956), however, modified
the extraotion procedures.

All pectic substances insoluble

in water were considered to be protopectin.

The protopectin

fraction was then extracted with 0.5 per cent Versons solution.

The results of the fractionation procedures were ex-

pressed as total protopectin, Versons-soluble pectin, Verseneinsoluble pectin, and water-soluble pectin.

Their method

eliminated the use of acids for the extraction of protopectin.
Dilute H01 (0.05N) at 85°C. in almost universally used
for extracting the acid-soluble protopectin fraction.

Mc-

Colloch (1952), Bettelheim and Sterling (1955), Stier, Ball,
and Maclinn (1956), Martens and McColloch (1950), Sterling.
(1956), and Luh, Leonard, and Dempsey (1954) have described
extractions of the acid-soluble fraction with hot 0.05 Rel.
Trials with cucumbers in the present study indicated the
possibility that 0.05 N Rel would not extract sufficient protopectin for characterisation studies; therefore, 0.5 N Hel
was used.
The separation of the extracts from the insoluble portions la done by filtration or centrifugation.

McCready and

McComb (1954b) and Postlmayr, Luh, and Leonard (1956) favored
filtration with the assistance of filter aids and suction.

Sterling (1956) and Luh, Leonard, and Dempsey (1954) reported success with centrifugation.

Kertess (1951) describ-

ed an extraction apparatus using a tritted glass disc for
filtration purposes.
Por the purposes of the present study,

in accordance

with solubility characteristics and definitions of pectic
substances, the following terminology will be used for the
pectic substances and extractions:
Pectic nib:stances

the general group designation

Protopectin

water insoluble parent pectic substance extracted by 0.5 N =1.
Designated as the acid-soluble
fraction.

Pectinic acid

colloidal polygalacturonic acid
with more than a negligible proportion of methyl-ester groups.
Designated its the Versons-soluble
fraction.

Pectin

water-soluble pectinic acids of
varying methyl ester oontent which
are capable of forming gels with
sugar and acid under suitable condition*.
Designated as the watersoluble traction.
,

McCready and McComb (1952) iterated that fractions of
pectic substances extracted from tissues may overlap.

This

consideration must be remembered in interpreting the results
of pectic substance studies.

The nature of pectic substances

necessitates a certain order in the extraction procedures.
The milder extracting media should be used first since the
harsher ones can hydrolyse water-ioluble pectin, for example,
to pectic acid thereby changing its properties.

Determination of pectic substances.
There are numerous methods of determining the amount
of pectic substances quantitatively in each extraction.
Several will be mentioned here with emphasis on the more
commonly used methods.
The earliest analytical method for determining dissolved poetic substances consisted of precipitation with
two volumes of ethanol, filtration, drying and weighing.
This method was standardised by Wichmann in 1922 (Kertess,
1951).

Wichmann's method with slight modification is still

listed as a "tentative" procedure by the Association of Official Agricultural Chemists (1950).

Hinton (1940) discus-.

sed the use of alcohol and acetone for precipitating pectic
substances.

The possibility of precipitating non-pectinous

material by alcohol and acetone is discussed and considered
a problem when these organic precipitants are used.
The original and still classical method of determining
pectic substances as calcium pectate was developed by Carr*
and Alines in 1922.

Kertess (1951) listed the original pro-

cedure olmodificatione of it, and offered a recommended procedure for calcium pectate.
are:

(1) saponification,

The main steps in the procedure

(2) acidification with acetic acid,

and (3) formation of the calcium salt.

Hinton (1940) and

.

McCulloch (1952) offered procedures for the calcium pectate
method as used in their laboratories.

Bennett(1944) reported

the poetic substances in several common vegetables as
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determined by this calcium pectate method.

Recent studies

et peel° substances with the pectate method include those
et Stier, Ball. and Uaclinn (1956), MeArdle and Nehemlas
(1956). and Bettelheim and Sterling (1955).

lesbian and

Johnson (193(3) used calcium pectate as a measure of the
pectie substances in their studies on softening of cucumber
salt stook.
Lawrence and Groves

(1954)

compared the results of

analyses of soluble pectic materials in apples by the calcium pectate method, a photometric method using concentrated
sulfuric acid, and the carbon dioxide evolution method.

They

found only fair agreement among the methods.
The calcium pectate method han been subject to criticism by several researchers.

The criticisms are that non-

pectic materials (proteins) may also be precipitated by
calcium salts and that the determination is long and tedious.
Hinton (1940). McOollooh (1952). and Kerteas (1951) discussed
the weaknesses of the method.

Kerteas and McColloch (1950)

and Oultrera and DeLuca (1951) did not get eatidfactory results with the magnum pectate method.
the use

or

Holt (1954) reported

ethylenediamine tetra-aoetic acid to titrate the

calcium in calcium pectate precipitates and thus estimate
the pectate content of fruits.
The precipitation of pectic acid with hydrochloric acid
has been offered as a method of analysis by Wiehmann in 1923,
but according to /Cortese (1951), it has never gained

popularity.

Hinton (1940) stated that some error in this

method may arise from the fact that pectic acid is slightly
soluble in the acid used to precipitate it.

Fellers and

Hide (1932) described a procedure for determining pectic
acid volumetrically after the precipitation had taken place.
Williams and Johnson (1944) described a method of
analysis of poetic substances uaing eleotrodeposition.

Solu-

tions of pectins or pectic acids were deashed by the use of
ion ozohange“resins.

The pectin or pectic acids were electro-

lytically deposited at a platinum anode in a weighable form.
McCready et al (1951) used the measurement of the dtptidal rotation an an analytical method for pectic substances
in citrus fruits.

The optical rotation or e solution was

measured followed by quantitative removal of the pectic compound with cupric ion.

The net rotation was used with the

previously determined specific rotation of the pectic comm
pound to obtain its concentration.

Diets (1953) reported

variable results with this method.
Anyas-Weiss, Solna. and Deuel (1951) reported analysing
pectic substances by titration with NaOH after first purifying the pectic solutions by means of ion exchange resins.
Diets (1953) reported the method as satisfactory for citrus
pectin samples, but erratic with citrus juice samples.
Since pectic substances consist mainly of polygalacturonic acids, several methods of analysis based on this fact
have been developed.

Kertess (1951) reported that the
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estimation of carbon dioxide produced upon decarboxylation
of galacturonic acid is a reliable method.

The method con-

sists of decarboxylation with 12 per cent HC1 (Kertess and
McColloch,

1950) or 19 per cent HC1 (McCready, Swenson,

and

Maclay, 1946) and measuring the carbon dioxide evolved.
The methods of measuring the carbon dioxide vary.

Kertess

(1951) discussed modifications involving absorption by Kull,
barium chloride dihydrate, and Ascarite(NaOH adsorbed an
asbestos).

Kehren Z195;-1954) used Ba(OH)2 for absorption

purposes.
When galacturonic acids are heated with 12 per cent
HOl, turtural is produced.
the method,

Kertess (1951), while describing

stated that it in rarely used because of the

availability of better methods.

Lehmann and Nieschalk (1953)

reported the estimation of turtural liberated upon decomposition of plant material plus the measurement of carbon dioxide evolved as a method of determining pectins in plants.
Ikawa and Niemann

(1949)

presented absorption curves

for various carbohydrates including galacturonic acid, after
treatment for 15 minutes at 100°C. with 79 per cent sulfuric
acid.

Lawrence and Groves (1954) used this information in

the development of a photometric method for the quantitative
estimation of' pectia substances.
Several obior reactions have been attempted for quantitative determinations of pectic substances.

Holbert and

Brent (1956) reported on the effect of various experimental

factors on the color reaction of glueuronic and galacturonic acids with enthrone in 27.0H2SO4..

Hexoses, methyl

pentoaes, and pentoses react with enthrone and probably
interfere with the measurement of galacturonic acid.
Mertens (1951) described a procedure for the use of a
color reaction between uranio acids and napthoresorcinol
for the quantitative determination of galacturonic acid.
The presence of other sugars interferes with the accuracy
of this procedure.
Disc)» (1947) reported a color reaction for urania acida
with

1123%

and carbasole that was more specific and accurate

than naphthoresorcinol reaction.

Various true sugars gave

reactions Which did not interfere with the hexuronic determination.

Dische (1950) modified the reaction to permit dif-

ferentiation between galacturonic and glucuronic acids.
Stark (1950), using the carbasole color reaction, developed
a method for the analysis of pectic substances in cotton.

He

found that dextrose, arabinose, xylose, sucrose, dextrin,
soluble starch, gum arabio, agar, amygdalln and raffinose
caused only negligible errors in the determination.

A com-

parison with the carbon dioxide evolution method showed that
slightly lower results were obtained with calorimetric method.
Winkler (1952) adapted the carbasole color method of
Dinah* for measurement of galacturonic acid in fruits.

McComb

and McCready (1952) modified the carbasole method further to
determine total pectic substances as hexuronic acids.

They

studied the effects of possible interfering substances on
the eolor reaction.

Glucose and fructose may interfere

slightly if present in threefold concentration.

McCready

and MoComb (1952) offered a method for the extraction and
determination of total pectic substances.

The extraction

employed Verson* at a high pH to sequester cations and deesterify pectic suba tances followed by hydrolysis of the
poetic substances by a commercial pastime. enzyme.

A com-

parison of common pectic substance extractants was made
and the Versene•pectinase complex gave very satisfactory results.
Diets (1953) and Diets and Rouse (1953) modified the
carbasole method for use with citrus products.

Their princi-

pal modification was the use of the heat of dilution to
hasten color development.
Characterisation of 4pectic substances.
A. Purpose of each item of characterisation.
The physico-chemical properties of pectic substances
are correlated with the structure of the pectic substances
(Joslyn and Phaff, 1947; Kertess, 1951).

Changes in these

properties result from changes in the structure of the pectic
substances.

For this reason a characterisation of the pectic

substances from the rrech fruit and salt stock was made.
Numerous characterisation methods have been offered (Owens
et al, 1952; Kurtess, 1951; Hinton,

1940).

Practionation of pectic substances, as previously
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described, can be used as a characterisation method for
pectic substances.

McCready and McComb (1954) and Dame

et al (1956) indlcaed more soluble pectic substances in
riper fruits than in immature, firmer fruits.

Stier, Ball,

and Miclinn (1956) Showed that the protopectin content of
tomatoes decreased during storage.
(1955), on the other hand,

Bettelheim and Sterling

could find no direct relationship

between various fraction» of pectic substances and the textures of 10 potato varieties.
Ramson (1952a and 1952b) fdund a correlation between
total pectic substances and firmness in tomatoee.

He also

found that several of the firm linee contained more calcium
than the softer varieties.

The possible interrelationship

of the calcium content with pectic substances and their combined effect on firmness is not clear.

Fabian and Johnson

(1938), however, had found no difference in total pectic
substances between Élrm and spoiled salt stock.

Dame et al

(1956) found a decrease In total pectic substanoes upon
ripening and an accompanying decrease in firmness in pears.
The changes in ripening are probably quite different from
those that occur during salt stock fermentation.
All pectic substances except pectic acid are partially
esterlfied with methoxyl groups.

Jansen and MacDonnell (1945)

made the important discovery that but little glycosidlc
hydrolysis of pectic, substances took place without prior deesterification of the pectin.

This information showed the

desirability of determing the methexyl content of pectic
substances for three reasons:

(1) If the degree of de-esteri-

fleation correlated with firmness, there is the possibility
that calcium coàbined with pectic substances to form calcium
peotate (Hameon, 1952a; Sterling 1956; McCready and McComb,
19540,

(2) A greater degree of esterification could con-

oeivably render a certain pectic substance more resistant to
glycosidio hydrolysis, and (3) The knowledge that de-esterifloation occurred in softening would help characterise the
action of the causative agent.
The viscosity of pectio,substances has been used by
Owens et al (1946), and Jansen, MacDonnell, and Ward (1949)
to study the shape and sise of pectic substances.

Owchs

et al found that the viscoeity of pectic substance solutions
was probably independent of the methyl ester content and
was related to length to diameter ratios.

Kertess (1951)

quoted similar findings by other researchers.

The viscosi-

ties of pectic substances have been used in several studies
to characterise pectic substances or changes in these coatpounds.

Lull, Leonard and Jampsey (1954) and Kertess and

McColloelh (1950) reported finding differences in viscosities
among the protopectin, pectinic acid and pectin fractions of
tomatoes.

McCready and McComb (1954a) found a drop in the

intrinsic viscosity of Veneno soluble pectic substances
from nine for firm brined cherries to 1.1 for soft brined
cherries.

Sterling (1956) did not find such differences

between firm and soft olives.

The viscosity of pectin

solutions, being related te molecular sise and shape, could
indicate de-polymerisation by pectolytie enzymes.

The test

of Bell, Btehells, and Jones (1955) for detecting pectolytic
enzymes in salt stock brines is based on this assumption.
That calcium can combine with certain types of pectic
substances, forming a precipitate, is well known.
viously mentioned,

As pre-

this reaction la the basis for an analy-

tical procedure for pectic substances.

Kertesz et al (1940)

firmed canned tomatoes by adding calcium salts.

Loconti and

Kertess (1941) presented evidence that the firming action of
calcium in tomatoes was du* to the formation or calcium peotate or pectinate*.

Sayre, Kertesz, and Locionti (1940) could

not increase the calcium content of tomatoes by growing them
on soils abundant in calcium and inadequate in potassium.
Ramon (1952a) found a correlation between higher calcium contents and firmness in tomatoes.

Sterling (1956)

noted a trend of total calcium increase with an increase in
firmness and decrease in methyl ester content of pectic, substances in brined olives.

Because of the possibility that

calcium can contribute to firmness of plant tissue, calcium
analyses were considered a part of the pectic substance
characterisation procedure.

Since low potassium content of

plant tissues often results in a high calcium content, potassium analyses were also run.
?haft and Joslyn (1947)

in an excellent review of pectic
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enemas reported that pectinesterase is found in the
fruits of higher plants, but that higher plants are relatively poor sources of polygalacturonaae.

McColloch and

Kertesz (1949) reported finding a polygalacturonane-like
enzyme in ripe tomatoes and named it pectic acid-depolymere».

This enzyme differed from fungal polygalacturonase

in that it did not completely depolymerise pectic acid to
giglacturonic acid.

Bell (1951), using the loss of viscos-

ity of a standard pectin solution as an indication of pectolytic enzyme activity, reported finding pectolytic enzymes
in various parte of the cucumber plant,

including the fruit.

Beira method has been criticized (Pandhl,

1953).

These

criticisms and, steps taken to correct them will be discussed
later.
Although reported studies on the cucumber fruit as a
source of softening enzymes are limited, the fruit may be a
source of pectolytie softening enzymes, and for that reason,
extraotions and analyses for pectolytic enzymes in the extracts from fresh cucumbers were 4-Jade.
B. Methods available for characterisation of pectic substances.
Methods for determining the amount of total pectic substances in the fruit tissue and fractions of poetic substances
extracted from tissues have already been discussed.

The fol-

lowing discussion will briefly describe some of the methods
available for the determination of the asthyl ester content,
viscosity, and mineral contents of pectic substances and
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cucumber tissues.

The methods available tor detecting

pectolytic enzyme activity have been described elsewhere.
Per the measurement of the methyl ester content of
pectic substances, there are two widely used methods.
There does not seem to be any preponderant preference for
either method; both are widely used.
The modified Zeisel method, described by Kertess (1951)
and Owens et al (19.52), is considered the more accurate and
has another advantage of requiring only small amounts of
sample.

The Zeisel method is based on the formation of

volatile methyl iodide on treatment with concentrated hydrogen iodide and absorption in alcoholic silver nitrate.

The

silver iodide can then be determined gravimetrically or
volumetrically.

Clark's modification (Kertess,

1951) of the

original Zeisel method changed the absorption of methyl
dide in silver nitrate to titration of liberated iodine with
0.10 normal sodium thiosulfate using starch as an indicator,
Hills, Ogg, and Speiser (1945) discovered that ethanol
adsorbed on the pectic substances resulted in erroneously
high values for the methoxyl content.

The adsorbed ethanol

could not be removed by drying in vacuo for two hours at
80 0 c.

However, it was removed by replacement with water.

The sample was placed in a bell jar in the near vicinity of
distilled water.

The jar was evacuated and the sample al-

lowed to stand overnight and then dried in vacuo.
and Idgeolloch (1950)

Luh,

Kertess

Leonard, and Dempsey (1954),
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and MeCready and McComb (1954b) have reported that results
obtained using the Zeisel method were satisfactory.
The other widely used method for determining methoxyl
is the saponification method.
oedure that is frequently used.
neutralised to pH

7.5

Hinton (1940) offered a proThe pectic substance is

as determined by the glass electrode

or by an indicator developed by Hinton.

A known amount of

0.5 N NaOH is added, allowed to saponify the methoxyl groups,
and the excess titrated back to pH 7.5 with HC1.

The advan-

tages of this method are speed and lack of special equipment
requirements.

Sterling (1956), Postlmayr, Luh, and Leonard

(1956), and Stier, Ball, and Maclinn (1956) have reported
methoxyl contents of pectic substances determined by this
method.
Hills,

Ogg, and Speiser (1945) offered a third method

using tomato pietas. to remove the methyl eater groups.
Sodium hydroxide was used for the titration of the liberated
oarboxyl groups bask to pH

7.5.

Although numerous methods are available for the measurement of viscosities of solutions, the discussion here will
be restricted to those commonly used with pectic substances.
Diets (1953) used viscosity to characterise changes
related to pectic substances in citrus fruit concentrate¡W
Viscosimeters tried by Diets were the General Electric Zahn
viscosimeter, the falling ball method, the rising bubble
method, and the Brookfield rotational viscosimeter.

His

.1•14.1.111111

chutes of types of viscosimeters was largely influenced by
the possibility of interference from citrus pulp.
Por homogeneous solutions of pectic substances,

the

most common method of viscosity meaeurement is the pipet
flow mothod.

Bell, Etchells, and Jones (1950) used a 20 ml.

volumetric pipet with the tapered tip cut off in their
method of measurement of pectolytic ensymes in salt stock
brines.

A refinement of their original method was made by

Bell, !Mohan',

and Jones (1955) to obtain closer control

of conditions governing the speed of flow of the pectin solution.

The refinement consisted of using capillary pipettes

developed by Cannon and Penske (1938) in a constant temperature water bath.
Owens et al (1952) described a method commonly used for
determining viscosities of pectic solutions by the use of
the Ostwaide-Cannon-Ponske pipettes.

This method or modi-

fications of it has been widely used (Luh, Leonard, and Dempley, 19541 McCready and McComb,

1953;

1954b; Rahman and Jonlyn,

Stier, Ball, and Maclinn, 1956).

Results were expressed

either as relative viscosities of a known concentration of
pectic substances or as intrinsic viscosities of the solutions.
Kertess (1951) reported that the MacMichael viscometer
and the floppier talling-ball viscometer have been successfully used with pectinic acid solutions.

The 1;tormer viscometer

was found to have too many experimental errors when used

with dilute solutions.
The methods used tor determining calcium, potassium,
phosphorus, and sodium will not be reviewed in any detail.
Procedures used in the present study were those already established as standard reliable tests by liteckel (1957).
The flame photometer was used tor the sodium, potassium,
and part of the calcium analyses.

The calcium oxalate pre-

cipitate method as given by the Association of Official
Agricultural Chemists (1950) was used for calcium analyses
where sodium interfered with the flame photometer method.
The colorlmetric method of Sherman (1942) with slight modifications was used for the determination of phosphorut.
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UPI/MENTAL
Part
Fermentation Studies
Several variables that could affect the firmness of
salt stock pickles were studied by periodic bacteriological, éhemieal, and physical examinations of several commercial fermentations and of small scale experimental fermentations of cucumbers of different varieties, cultural
histories,

and pre-fermentation treatments.

The commercial

fermentations were those of the D. M. Jewett Ceppany, South
Deerfield, Massachusetts.

The small scale experimental fer-

mentations were carried out at the University of Massachusetts.
The fresh cucumbers for the experimental fermentations
were obtained for the greater part from commercial growers
through the courtesy of the D. M. Jewett Company.

Cucumbers

for the study of varietal differences, effect of sprays, and
effect of different fertiliser treatments of soils were
grown at the University of Massachusetts. *

Cucumbers were

salted as soon as possible after picking and receiving.

The

time lag between picking and salting was equal to that normally experienced in uommercial operations.
Except for the fermentations where salting procedure
was the variable under study, all the fermentations were
• Courtesy of Professor C. t. Thomson, Department of Olericulture, University of Massachusetts, Amherst, Massachusetts.

.. 14 1 4"fle

salted following procedures in current use by the D. M.
Jewett Company.

Their method was used since softening had

eocurred in their pickle vats.

A layer of 40 0 salometer

brin» (sodium chloride) was first put into each jar or barrel.

The jar or barrel was then filled tightly with cucum-

bers and 40° salometer brine added to overflowing.

Where

barrels were used the cucumbers were kept submerged in the
brine by a wooden top.
crete blocks.

This was weighted down with con-

The blocks were removed after three to five

days, and the submerged covers braced to keep them submerged.
This was done to keep all the cucumbers below the brine surface and to maintain an unobstructed liquid surface on the
barrels.

For the jars, a perforated parafinned wooden top

was inserted so that no pickles could float on the brine surtaca.

The containers were kent under a temporary roof shelter.
The fermentations were then allowed to proceed for ten

to 14 days after which time salt was added to raise the salt
concentration one per sent per week until a final concentration of 15 per cent was reached.

During the

1954-55

and the

1955-56 seasons the fermentations were agitated after each
addition of salt by bubbling air through glass roda leading
to the bottom of each container.

During the 1956-57 season

a small electrically driven circulating pump was used.
Periodic examinations of the strength of the brines, by the
use of a milometer, were made as a check on the salting promodures

The experimental fermentations were carried out in
two and a halt gallon jars in the 1954-55 season.

The re-

sults showed that the amount of acid produced was much lower
than that produced in commercial vats.
1$, 17, and 35.

See Tables 3, 7,

11,

Therefore, during the 1955-56 and 1956-57

fermentation seasons, to more closely represent oommercial
fermentations, larger sise containers were used.
barrels of 15, 25, and

55

Wooden

gallons capacity were used.

The

aoid fermentation in these larger containers more closely
followed that of commercial fermentations.
lone. was gained in evaluating firmness,

Also, as wiper.-

it became evident

that a larger number of pickles would be needed for pressure
tests than could be obtained from fermentations in two and
a halt gallon jars.
Bacteriological examinations of the brines were made by
the method recommended by Etchells and Jones (1946) using
nutritive casemate agar (Difco) with brom-oresol-purple as
an indicator.

Counts were made after three days incubation

at room temperature (25-30°C.) for total number of colonies
and number of acid tormers e melds, and peptonising bacteria.
Although the results of the

1954-55

season showed no great

variatIons in the microbial populations in the various fermentations, plating of brine dilutions was repeated for the
1955-56 and 1956-57 seasons to further investigate the possibility of differences that could be correlated with the
development of softness.

The total acidity (as per cent lactic acid) or the
brines was measured periodically by titrating 10 ml. samples
of the brines with 0.10 N Ha« using phenolphthalein as an
indicator.

Only one measurement or asid was made during the

195455 season.

For the other two seasons the results are

given for total acidity at the end of three periods of fee.
mutation in Tables 3, 7,

11, 15, 17, 21, 25, 29, 33, and 36.

The total acidity, when compared with findings at Pederson
and Albury (1950), Pederson and ward
Bryan, and Btchella (1932),

(1949).

and Fabian,

indicated the general speed and

completeness of the fermentations.
Since pH is an important environmental factor in the
growth of micro-organisms capable of causing softness (Vaughn
et al, 1954), periodical pli measurements were made by means
of a Beckman Model G pli meter.

Such pH measurements were

made tor the 1955-56 and 1956-57 seasons and are given in
Tables 4., 8, 12,

15, 18, 22, 26, 30, 33, and 37.

Chemical tests on the brines consisted of determining
the pectolytic enzyme activity of the brines by measuring the
loss of viscosity of a standard pectin solution.

The method

of Bell, Etchells, and Jones (1950) was used during the
season.

1954-55

This consisted of thoroughly mixing 25 ml. of a

three per cent pectin solution (Pectin N.F.) et el 4.0 with
Cive ml. of the brine to be tested in a smell flask and Incubating for six days at 30 0 C.
microbial growth.

Toluene was added to prevent

The viscosity of the mixture was then

7

»enured as the number of seoonds required for the sample
to flow from a 20 ml, bulb pipet.

The tapered tip of the

pipet had been cut off and the resulting rough rim was fire
polished.

The flow was timed from the top gradation mark

on the pipet to a mark immediately below the bulb or the
pipet.

A control was run using brine heated to boiling for

five minutes.

Pectinesterase interfered with some of the

earlier determinations giving a gel in the flasks.

Incubat-

ing at 40 0 C. for 24 hours prior to testing for pectolytic
enzymes was not always sufficient to inactivate pectinesterase.
The first examination was made in most cases two weeks after
salting.

Further examinations were made at two week inter-

vals up to the eight examinations, and samples were taken
*Zoe a month thereatter.
Because of the lack of control over the effects of temperature at the time of reading and salt concentration on
the viscosity of pectin, the results could only be expressed
as positive, questionable, or unknown.

This interpretation

was used in Tables 5, 9, 13 0 16, 19, and 35.

Fifty per cent

loss of viscosity along with a sustained loss of viscosity
of 30 per cent for two or more other examinations was interpreted as positive evidence of enzyme activity.

A sustained

loss of viscosity of approximately 20 per cent was interpreted
as probable proof of pectolytio enzyme activity.

It should

be noted that the gel formation during the first three examinations may have prevented detection of positive enzyme
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activity during the critical early stages of the fermentations.
The modified pectolytic enzyme test method of Bell,
Etchells, and Jones
1956-5/ seasons.

(1955) was used for the 1955-56 and

Briefly, the method consisted of dialysis

of the brine to remove cations capable of forming gels with
de-esterified pectins; mixing one ml, of the dialysed brine
with five ml. of a 1.2 per cent sodium polypectate solution
buffered at pH 5.0 in an Ostwalde-Fenske viscosity pipet,
sise Number 300; measuring the flow time in the pipetatt the
time of mixing, after 20 hours, and after

44

hours incubation

at 30 ° C.; and finall7 calculating the per cent loss of vieeosity of the solution in the pipet at the end of each incle.
bation period.

Headings were made with the pipettes suspended

in a constant temperature water bath set at 30°C.
The per cent loss of viscosity was converted to relative
softening units as follows.
loss of viscosity after

44

Refer to Figure 2.

The per cent

hours incubation was plotted against

the time elapsed from the time of salting to time of the test.
According to the method of Bell, Etchells, and Jones (1955),
up to 17.5 per cent loss of viscosity indicated negative enui
syme activity.

Therefore, the area between the 17.5 per cent

loss of viscosity line and the per cent loss of viscosity
curve for periods of 10, 20, and 4d days was measured with a
compensating polar planimeter. *

The measurements indicate

* Keufrel and Esser Company, New York, N. Y.

Figure 2
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Sample curve to demonstrate calculation of relative pectolytic enzyme
activity.
* Refer to Table 2 for rating system.
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Pectolytic enzyme activity ratings ot
areas from loss of viscosity curves
Rating
10

Days of fermentation
20

Moderate

0.00 - 0.35*

0.00 - 0.70.

0.00 - 1.68

Strong

0.36 - 0.55

0.71 - 1.10

1.69 .9 2.64

Extremely Ztrozig

0.56 - 1.65

1.11 - 3.30

2.65 -. 7,92

Areas are in terms of square inches.

only positive enzyme activity.

Since some fluctuations

occurred in the per cent loss of viscosity curves for any
number or tests, the area would indicate a truer evaluation
et the enzyme activity over a period of time than would the
statement of a figure at any one point on the curve.

It

was hoped that the evaluation of pectolytic enzymes for
three periods of time would help in determining whether
there was a critical period during which enzymes could cause
softening.

Measurements were not made for any period great-

er than 48 days because in all cases, the curves leveled off.
There were no drastic fluctuations after 48 days of fermentation.
The results of pectolytic enzyme examinations for the
1955•56 end 1956-57 seasons are listed as areas in Tables

9, 13, 16, 19, 23, 27, 31, 34.,
peers.

and

38

5,

for comparative pur-

Table 2 shows a conversion of the areas to pectolytic

enzyme ratings.

The per cent loss of viscosity range for

•each rating an given by Bell, Btahall., and Jones (1955) was
converted to an area range for each time period.
Physical tests on the cucumbers consisted of measuring
firmness with the USDA fruit pressure tester* fitted with a
five-sixteenth's inch head and by feeling and pressing the
cucumbers manually.

The Cornell Pressure Tester as described

by Hanson (1952b) was tried and found to be slower and no more
sensitive than the USDA fruit pressure tester.

A Universal

* D. Ballauf Manufacturing Company, Inc.. Washington, D. C.

Gone Penetrometer was also tried but was found to be less
reliable than the UmmA fruit pressure taster.
The procedure for using the USDA fruit pressure tester
changed as mere experience was obtained in its use.
the

195445

fermentation season from six to eight pickles

were used tor each examination.
was used.

During

Number two sise salt stock

Pressure tester readings were taken at the stem

end, middle, and blossom end of each pickle.

All three fig-

ures were used in getting an average reading in pounds per
puncture.
During the 1955-56 season, only one puncture per pickle
was used to indicate firmness and that was made on the middle
section.

Twelve pickles from each fermentation were examined

for firmness atter five months fermentation.

One month later

another evaluation was made on at least 35 pickles from each
barrel.
Two examinations of the salt stock for retention of firmness were made during the 1956-57 season - one approximately
50 days and the other approximately 130 days after salting.
In each case, at least 30 pickles were removed from each barrel and given one puncture each.
Por all the firmness evaluations an attempt was made
to use a uniform sise of pickle.

Also, because of the aware-

ness that the skin toughness and variation» in the sise of
the seed area could affect pressure test results, a large
number of pickles were sampled.

The tentative firmness

ratings of Bell, Etchells, and Jones (1955) were used as
a guide in interpreting the results.

Their ratings are as

follows:
Pressure Test
18
14
11
$

4.

pounds and
through 17
through 13
through 10
pounds and

Firmn111-1
2eIng
Very firm
Pirm
Inferior
Soft
Mushy

above
pounds
pounds
pounds
below

Per the present study, three ratings on the beats of
pressure test results were used.
Pressure Test
16 pounds and above
14 through 15 pounds
0 through 13 pounds

They are;
Firmness Retire
Pins (P)
Slightly soft (P8)
soft (S)

Organoleptic evaluations of the firmness of the salt
stook were made by noting the resistance of the pickle to
pressing with the fingers, the firmness of fleshy part of
cucumber slices as determined by puncturing with a thumbnail, and the firmness of the seed area.

Several such ex-

aminations were made by personnel from the University of
Massachusetts and from two commercial cucumber pickling firms.
A lack of agreement among the examiners was evident and,
for this reason, little significance was given to their findings.

During the first two fermentation seasons; however,

because of the small number of pickles used for each of the
pressure testa,

the results of the organoleptic examiners

were considered somewhat in the final evaluation in Tablea 6,
10, 14,

16, 20, 24.„ 28, 32.

35, and 39.

Variables studied.
Varieties
The suitability of four varieties of cucumbers for
pickling and the susceptibility of these varieties to softening were studied and are reported on in detail in Part
Two of this dissertatiOn.

However * other varieties were

also made into salt stock and their quality noted.

All the

cucumbers for these studies were grown at the University of
Massachusetts.

The varieties examined, listed according to

the fermentation season...were:

1951e55 in 2*
jell= jars

1955-56 in 15
gallon barrels

1956-57 in 25
sell= barrels

Ohio MR-25
Wisconsin SR-6
Wisconsin SMR12-12
Hyorop-ftybrid
Wisconsin 3MR12-9
Heins Pickle
Woodruff UR12-3
Asgrow SMR-12

Ohio MR-25
Wisconsin 3R-6
risconsin SMR12-12
Ohio MR-17
Wisconsin SMR-3
eisconsin SMR-9
Wisconsin SR-10
National Pickle
Mich.State College
no. 1
Packer

Ohio MR-25
Wisconsin SR-6
Wisconsin S12-.l2
Ohio M9-17

The results of the fermentations of different cucumber
varieties are shown in Tables 3,

4. 5.

and

6.

Presence of excessive numbers of cucumber blossoms.
Utahans, Bell, anet Jones (1954-1955) reported that
softening of cucumber salt stook was caused by an excessive
number of mold-laden blossoms in the vats.

The possible ef-

fect of an excessive number of blossoms on the pectolytic
enzyme activities of brines and the firmness of salt stook
was investigated over the three fermentation seasons.

1954-55

During the

eeaeon duplicate fermentations in two

and a halt gallon jars were salted with each of the following treatments given to the cucumbers and vats at the time
of salting*
(1)
(2)
(3)
(4)

Blossoms
Blossoms
Blossoms
Blossoms

removed and cucumbers thoroughly washed.
removed but cucumbers not washed.
added and cucumbers thoroughly washed.
added and cucumbers not washed.

Por the 1955-56 and 1956-57 experiments single fermentations were prepared from cucumbers an follows:
ly washed;

(2), untreated;

(1), thorough-

and (3), untreated with approximate-

ly one-fourth pound of cucumber blossoms added to the barrels
at the time of salting.

Fifteen gallon barrels were used in

1955-56 and 25 gallon barrels in 1956-57.
these studies are shown in Tables 7, 6,

The results of

9,

and 10.

Different growing areas.
Cucumbers from growers in three different general growing areas were salted during the three fermentation seasons.
The three areas, designated as the "Northampton" area,

the

"Hatfield" area, and the "Hill" area in Tables 11, 12,

13,

and 14, had differences in soil characteristics and growing
seasons.

The soil in the "Northampton" area is a heavy silt-

loam type; in the "Hatfield" area,
in the "Hill" area, a gravelly,

a light, sandy type; and

sandy type.

During the

1954-.55 two and a half gallon jars were used; during 1955-56,
15 gallon barrels; and during 1956-57, 25 gallon barrels.
The results are listed in Tables 11, 12,

13, and 14.

Pasteurising cucumbers.
Raw cucumbers were heated in brine for 15 minutes at
180°P.

celeco

in an attempt to destroy enzymes;

case, mainly peroxidase.

in this

After heating, the cucumbers and

brine were cooled and allowed to ferment.

Because the salt

stock in two and a half gallon jars during the 1954-55 season and in 15 gallon barrels during the 1955-56 season was
soft, no further investigations were made during the 1956-57
season.

The results of these studies are shown in Tables

15 and 16.
Drainire actively fermenting brine.
Btchells, Bell,

and Jones (1954-1955) reported that

draining off actively fermenting brine after 36 hours drastically reduced the softening enzyme content of fermentations.
Por this reason fermentations were set up and the brine
drained after periods of fermentation.

The drained brines

were replaced in each case with freshly made 40° salometer
brine.

Brines were drained after one, one and a half, two,

three, four,

five, and six days of fermentation.

half gallon jara were used in 1954-55.

Two and a

Fifty-five gallon

barrels were used for both the 1955-56 and 1956-57 fermentations.

The results are given in Tables 17, 1C, 19, and 20.

Beating actively fermenting brine to destroy enzymes.
Because

or

the possibility that draining brines would

cause a sufficient loss or acid and nutrients to retard further fermentation, actively fermenting brines were drained,
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boiled to inactivate ensymes, cooled, and returned to the
barrels after different periods of fermentation.

During

the 1955-56 fermentation season duplicate fermentations in

55

gallon barrels were run and the brines were heated after

five days of fermentation.
from

55

During the 1956-57 season, brines

gallon barrels were boiled after one, two, three,

four, and six days of fermentation.

These results are tabu-

lated in Tables 21, 22, 23, and 24.
Variations in salting procedure.
Since the original salt concentration of the brines
could possibly have an effect on the activity of softening
enzymes, various salting procedures were tried.

During the

1955-56 fermentation season, early and late season cucumbers
were ealted in

55

gallon barrels and an attempt was made to

maintain salt concentrations of 15, 25, and 30 0 salometer
brines after equalisation with the water in the cucumbers.
Salt based on the total capacity of each 55 gallon barrel
(cucumbers taken as 100 per cent water) was dissolved in
approximately 20 gallons of water in each barrel.

The bar-

rels were then filled tightly with cucumbers and water added
to the point of overflowing.

The brine was thon well circu-

lated to insure complete solution of the salt.

The original

concentrations of salt were maintained for two weeks.
To one set of the duplicate fermentations described
above, a sufficient amount of glacial acetic acid was added
to bring the pH value of the contents down to below 4.5 upon

equalisation with the water content of the cucumbers.
This was done to determine any increased benefits of an
original pH lower than that necessary for growth by pectolytie enzyme-forming bacteria.
The result* of these studies are given in Tables 25,
26, 27, and 28.
Uses
The effect of the size of the cucumber on firmness and
susceptibility to softening was studied over the last two
fermentation seasons.

Three sises

or cucumbers were usedt
k to 7/84

Premium

lit to 2 5/8 inches long and
inches in diameter.

Number Two

3 7/8 to 4 5/8 inches long and 11 to

number Three

45/8

1 3/4 inches in diameter.

inches long and longer and 1 3/4
inches in diameter and larger.

Fifteen gallon barrels were salted in the 1955-56 season and 25 gallon barrels were used during the 1956-57 season.

The results of these studies are listed in Tables 29,

30, 31, and 32.
Calcium chloride and alum.
since calcium salts have a firming effect on plant tissue (Kertess et.ilp 190), calcium chloride was added to the
brines at the time of salting.

Alum (potassium aluminum

sulfate), which ta used during the freshening of salt stock
to retain firmness, was also tried.

Permentationa were set

up in 25 gallon barrels usine 40 ° salometer sodium chloride
brine plus 0.05 per cent calcium (calcium chloride),

0.10 per
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cent calolum, 0.05 per cent alum (potassium aluminum sulfate), and 0.10 per cent alum.
results.

Table

33 and 34 show the

These studies were made only during the 1956-57

fermentation season.
Brulsinii. cucumbers prior to fermentation.
To note whether bruising of cucumbers prior to salting
increased the incidence of softening by offering a means of
entranoe for the pectolytic enzymes into the cucumbers,
fermentations in tre and & halt gallon jars of bruised oucumbers were prepared.

Bruising was accomplished by strik-

ing each cucumber several timas with a hammer sufficiently
hard to break the outer skin with each blow.
were made during the

1954-55

These studies

season only and the results

are reported in Table.35.
Surface layer of mILJral oLlo
A one-halt inch layer of mineral oil was maintained on
the surfaces of duplicate two and a half gallon fermentation
jars to observe any possible effect it might have either on
the scum yeast layer or on the occurrence of softening of
the salt stock.

These studies were made during the 1954-55

season and the results are listed in Table

35.

TEP? (tetra-ethyl pyrophosphate).
T2PP had been Iteed as an insecticide spray on cucumbers
during a season when softening or salt stock had been prevalent in commercial operations.

To observe whether TEPP en-

hanced the development of softness in salt stock, one two and
a half gallon jar of TEPP-sprayed cucumbers and one two and

a half gallon jar of washed, but previously TEPP-sprayed
cucumbers were fermented during the 1954.-55 season.

The re-

sults of these fermentations are listed in Table 35.
Surface layers of scum yeast.
During the 1955-56 and 1956-57 season several

55 gallon

barrels were salted using the regular salting procedure; however, no attempt was made to clear the surface of any scum
yeast layers that formed.

Agitation of the barrels was limit-

ed to a brief agitation after the adtition of salt.
the

During

1956-57 season, two large barrrels were salted with an

original weight of salt added to give a 50° salometer brine
after equalization.

These barrels were not agitated during

the entire season; water was added periodically to keep the
salt stock completely covered with the brine.
are given in Tables 36,

The results

37, 38, and 39.

Fertilizer treatments of soils.
The earlier results with fermentations of cucumbers
from different growing areas suggested that soil condition»
might have some effect on the firmness of cucumbers or the
resistance of cucumbers to enzymatic softening.
tor the 1956-57 season studies,

Therefore,

experimental plots of land

were prepared and cucumbers grown on these plots were evaluated for firmness as fresh cucumbers and as salt stock.

At

the same time the effect of a calcium chloride spray treatment of the cucumbers was investigated.
Pour plots

or land were prepared and treated as follows:

_•
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Plot
II

Level of Nutrients
1 Nitrogen, if Potassium*
1 Nitrogen, 2 Potassium

III
IV

2 Nitrogen, 1 Potassium*
2 Nitrogen, 2 Potassium

Nutrients added
220 Ile/acre noo,
220 lbs/acre !areal plus
920 lbs/acre KCI
440 lbs/acre
N0 1
440 lbs/acre
N01 plue
920 lbs/acre KC'

*No potassium was added for the 1 Level of Potassium because
the soil was initially high in potassium.
Each plot was divided into four rows.

Rows one and three

were planted with Wisconsin SMR 12-12 variety and rows two
and four with the Ohio MR-17 variety.

Rows one and two were

sprayed with calcium chloride at a ten pounds per acre rate
twice weekly prior to and during the picking season.

A high

magnesium sulfate love was obtained by adding Me04.7 R2 0
at a 150 lbs/acre rate on all plots.
?res sure tests were made and cucuMbere salted from an
early picking and from another picking one week later.
results are listed in Tables 40 and 41.

The

All the early sea-.

son cucumbers were fermented in the same barrel.

Approximate-'

ly 40 cucumbers from each row of each plot were wrapped in a
cheesecloth bag,

labeled, and put into a

55 gallon barrel.

The barrel was then filled with 40° salometer brine and fitted
with a wooden cover to keep the baga submerged.

This pro-

cedure was also used for the late season cucumbers.

In this

manner all the cucumbers in each barrel were subjected to the
same fermentation and enzyme treatments.

The pectolytic en-

zyme activity of both barrels ranged from negative to a very
slight positive.

Xime of harvest.
Btehells, Bell, and Jones (1954-1955) reported that
softening of salt stook was more severe in fermentation vats
of cueumbers harvested early in the season than in these of
eueumbers harvested later in the season.

Tables 20, 23, and

32 indicate results of fermentations of early and late season cucumbers of drainage procedures, salting procedures,
and different gist's.

Table 40 shows the effect of fertiliser

treatments an firmness of early and late season cucumbers.
Commertial fermentations.
Because studies on commercial sise fermentation tanks
were limited and several variables were studied together on
some barrels, the experimental results of these examinations
are tabulated according to seasons in Table 42 for the 1954-55
season and Tables 43 and

44

for the 1955-56 season.

The commercial fermentations followed were those of
3000-5000 gallon wooden tank» at the D. M. Jewett Company,
South Deerfield, Massachusetts.

Tanks were so chosen that

the effect of the following variables could be noted:
(1) Effect of previous history of softening of a tank on the
salt stock of the present year.
(2) Size of cucumbers.,
(3) Draining actively fermenting brines and replacing with
freshly made 40 0 salometer brine.
Per iodle examinations were made on the brines and the
cucumbers in the same manner as on the small scale experimental fermentations.

The brine samples were removed by the
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use of an apprPximately six foot long, metal,

pointed sam-

pling rod which was thrust as far down as possible towards
the center of the tank before the stopper controlling the
flow of brine into the tube was removed.

Thus,

the brine

samples were taken from approximately five feet below the
brine surface.

Also during sampling six salt stock cucxei-

bers ware removed from each vat for firruleas evaluations.
These cucumbers; were from the top layers of the
The final evaluations

(Tables 42 and 414) are bnsed on

the results of the pressure tests an
sonnel of the D. M.
eninFE,•

vats.

the comraents of per-

Jewett Company ,nade at the ti:ne of fresh-

TABLE

3

Effect of varietal differences on the per cent acid
(as lactic) of cucumber fermentations
19
Variety
Ohio MR-17
Ohio MR-5
WiseoLsin SR-6 (A)
Wisconsin SMR-12-12
Wisconsin SR-6 (B)
Rycrop-Rybrid
Wisconsin SMR-12-9
Wisconsin SMR-3
Wisconsin SMR-9
Wisconsin SR-10
Reins Pickle
Woodruff SMR 12-3
Aggro. âMR-12
National Pickle
Michigan State College No. 1
Yorkstate
Packer

days

10
days

0.38

0,28
0.35
0 •40
0.34
0.27
0 •35

0.44
0.39
0.34

0.38

0.77

0.90

2,1955-56

0
days

0.ô6

150

10

dei
ys

days

days

0.70

0.45

0.68

0.49

0.62

0.77

0.
68

0.88

0.83

0.74

0.9 14 0.92
0,9Ï 0.90
0.3
0.36

0.72
0.92
0.79
0.74

)0

o.68

0.79
0.72
0.74

(1) Figure represents time from date of salting.

0.77

0.90.

0.88

0.39

0.37

0.51

0.54.

0.49

0.14

0.67

0.37
0.40
0.40
0.39

0.70
0.68
0.70

1g6.-57
days

days

0.49

0.25

0.52

0.53

0.41

0.30

0.51

0.k9
0. 7
0.90

120
days
0.18
0 41
0 .7
0.11

CABLE
Effect or varietal differences on the pit values
of cuouàber fermentations

low

Variety

Ohio MR-17
Ohio Sei-25
Wisconsin se-6 (A)
Wisconsin SMR-12-12
Wisconsin SR-6 (n)
RycropáRybrid
Wisconsin SMR 12-9
Wisconsin SMR-3
Usconsin SMR-9
Wisconsin SR-10
Reins Pickle
woodruff SUR 12.-3
Asgrow SWR-12
National Pickle
Michigan State College No.
Yorkstate
Packer

days

3.7
3.7
3.7
3.7

3.6
3.7
3.7
3.7

3.6
3.5
3.5

3.5
3.5
3.6
3.8

3.7
3.3

3.6
3.6

3.5

3.5

Z:ó

j
e

3.7
3.7
3. 8
3.6

3.ï
3.6
3.ç)
3.0

3.5
3.6
3.6
3.5

3.6
3.6
3.6
3.5

.0

1

1955-

20
days

dkci,-s

3.5

(1) Figure represents tie from date of saltin.

1956-57

150
days

10
dffl,

3-8
3.
3.8
3
3.".d

3.3

20

3.8

4.4
3.7

120

le.5
3.7

TABLE

5

Effect of varietal differences on pectolytic enzyme
activities of cucumber fermentations

Variety
Ohio MR-17
Ohio MR-25
Obsconsin SR-6 (A)
eisconsin S4R 12-12
'isconsin SR-6 (B)
Byerep.-Hybrid
eisconain SYR 12-9
aisconsin .MR-3
Asconsin SUR-9
ïisconsin Mi-10
Heins Pickle
Woodruff SMR 12-3
AsFrow SMR-12
National 'Pickle
Michigan 'State College no.1
Yorkstate
Packer

f>954
55

45a)
days

10
da.tys
MMON

MeM
.1111.1.•••

M55-56
days
(3)
0.17
0,94
0.04

48
daze

10
days

3.63
2.55
0.68

0.18
0.39
0.69

1.39

4.7 8

0.84
0.88
0.96

3.05
3.67
5.21

0.35
0.63
0.97
0.52

0 .79
1.60
4.62
3.77

0.90

1956.:57
20
days
0.20
2.15

1.65
2.09

10

days

0.20
2.80
2.08
3.92

rx:a. (2)
Me-

Total days from time or brining.
Limitations of teat for 1954-1955 season made posible ratings for enzyme activity as
follows: --- a unknown
pos.: positive
Refer to Table 2 for ratings and to text for exaanation of method of calculation.

TABLE

6

Effect of varietal differences on pressure test results
and firmness evaluations of cuouriber fermentations

19 54'55

Variety

Pressure
test

120CU
days
Ohio MR-].1
Ohio MR-25
(2)15.9
ieiseonsin SR..6 (A)
13.8
4isconsin SUP 12-12
12.5
Viisconsin 3R-6 (R)
34.9
Hycropd-Hybrid
34.9
Wisconsin SMR-'12-9
13.2
nsconsin SMR-3
elsoonsin SUR-9
àisconsin SR-10
16.6
Heinz Pickle
Woodruff SUR 12-3
12.5
Asgrow SUR-12
15.1
National Pickle
Idlohigen State College No. 1
Yorkstate
Packer

I75r
days
lbs.

1955-56
TUratFirmPressure
rase
test
netts
evaluevalualign
ation
150
180
days
days
lbs.
lbs.

16.1
13.4
12.7

14.6
i.5

34.0

20.9
16.2
17.6
15.0

P
FS

13.8

15.1
14.7

FS
PS

8.1
16.3
19.1
15.5

3
PS
P
PS

13.7
9.0

16.0

10.9
14.7

17.8
13.0
12.1
11.8

9.7

e

s

FS
10.2
9.0
13.2
12.7

(1) Total days from time of brining.
(2) Average pounds to puncture with a 112D!,
. fruit pressure tester.
(3) F e firm; PS a slightly soft;
soft.

1956-57

Pressure
test

So

10

16.5

13.2
16.2
15.2
34.1

days
lbs.
18.5
14.7
14.5

Armnee*
evaluation

claim

PS
FS

TABLX 7
Efrect of addinr cucumber blossoms on the per
cent acid (as lactic) of cucumber fermentations

19
Lescription of ferzaentation

31osels removed;

cucumbers
washed
i.310ssrls removed; cucumbers
not washed
*lossbms added; cucumbers
washed
7lossoms added; cucumbers
not washed
'io
as rornovd; cucumbers
waeled
7loss:Jme removed; cucumbers
not washed
7
1.osa)7ns added; cucumbers
washed
Ilossoms added; cucumbers
not washed
Cortrol - no treatment

(1)

45"(
days

dais

5

days

1

days

30

150
days

10
da.js

le6-3710
days
days

days

120

0.25

0.41

o.dd

0.77

0.37

0.74

0.70

0.23

0.13

0.43

0.3'0

o.76

0.3 ,)

0.35

0.53

0.49

0.40

0.38

0.92

0.5

0.44

.74

0.67

0.36

0.
34

0.39
0 .47

O.!,0
0.34
0.34.
0

.42

0

.4 1

Figure represents tiole from date of salting.

Ti%TiLE 8
iffect of adding cucuutber blossums on the pU
values of cucumber fercientations

Description uf fermentation
31ossoms removed; cucumbers
washed
Blossoms reeoved; cucumbers
not wushed
31ossome added; cucumbers
hashed
Blossus added; cucumbers
not washed
Blossoms removed; cucumbers
wuàhed
3lossums rinloved; cucumbers
not washed
lossoms added; cucuMbers
waShed
Blossoms adUed; cucuabors
not washed
Control - no treatment

(1)

5(11

1955-56
12
36

150

10
(1 "

1956>7
20

"

8

4cs"3

izu
d**

3.7

3.7

3.6

3.5

3.6

3.7

3.9

4.5

3.3

3.9 -

3.7

3.5

3.5

3.6

3.7

3.9

3.7

3.7

3.6

3.5

3.7

3.7

3.9

4. 0

Figure repreaents tints from dato of znit:nir,.

TABLE

9

affect of adding cucumber bloesoma on peotolytie
enzyme activities of cucumber fermentations

Description of fermentation

).915

45( Y

days
Blossoms removed;

cucumbers
washed
Blossoms removed; cucumbers
not washed
Blossoms added; cucutibers
washed
Blossom» added; cucumbers
not washed
Blossoms removed; cucumbers
washed
lilossoms removed; cucumbers
net washed
Blossoms added; cucumbers
washed
Blossoms added; cucumbers
not washed
Control - no treatment

1955756
zu

19e57
20

lets

10
due

data

days

10
dus

(3)
0.00

0.00

3.05

0.53

1.78

6.05

0.70

1.27

1.i31

1.20

1.61

5.92

0.16

0 .47

2.63

0.26

1.51

5. 99

due

days

(1) Total days from time of brining.
(2) Limitations of test for 1954-55 season made possible only three ratings for pectolytic
enzyme activity: --- is unknown
- probable
pos = nositive
(3) Refer to Table 2 for ratings and to text for
explanation of method of calculation.

TABLE 10
Effect of adding cucumber blossoms on pressure test results
and firmness evaluations or cucumber fermentations

De scription of fermentation

Blossoms removed;

cucumbers
washed
Blossoms removed; cucumbers
not wRshed
Blossoms added; cucuAbera
washed
Blossoms aded; cucumbers
not washed
Blossoms removed; cucumbers
washed
Blossoms removed; cucumbers
not washed
Blossoms added: cucumbers
washed
Blossoms added; cucumbers
not washed
Control - ro treatment

1954-55
fires sure
test

prim-

noes
evaluation

12000
dais
Iba.

175
days
lbs.

(2)
16.3

13.9

16.4

15,2

P

14.3

/5.0

P

144

14 .8

15.9

15.4

1
44

15.5

15.3

F

16.3

15.7

P

14.7

15.9

F

(3)

1955-.56

Pressure
test
150
days
lbs.

ld0
days
lbs.

13.1

1!,;.9

2.2

e•
6

Firmness
evaluatian

1956-57
Ores sure
test

50 / 130
days dnys

Krum.
mess
ova lu
ation

lbs.

lbs.

F

14.5

34. 9 Pà

3.3

S

14.9

13.1

S

7.6

S

17.5

16.4

P

(1) Total days Prom time of brining.
(2) Average pounds to puncture with a USDA fruit pressure tester.
(3) P
firm; PS s slightly soft; Z g sort.

TABLE 11
Effect of growing area on the per cent acid
(as lactic) of cucumber fermentations

Description of fermentation
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower

No.
No.
No.
No.
No.

no.

No.
No.

Northampton (2)
Northampton
Northampton
Northampton
3 Hatfield
3 Hatfield
4 Hatfield
4. Hatfield
Hadley
Brier
6 Brier
7 Northfield
7 Northfield
d Ashfield
9 ailliamsburg
1
1
2
2

No .g

No.
No.
No.
No.
No.
No.

55

1255-56

days

1956-57
20
46
days
days

120
days

0.72

0.77

0.45

0e40

0.48

0.a7

0.86

0.38

0.43

0.79

0.48

1.13
0.76

1.42
0.67

0.94
0.29

0.81
0.11

0.85

0.56

0.39

0.77

0.74

0.46

0.87

0.97

0.50

0.
27

days

5

days

12
dais

30
days

150
days

0.36
0.38
0.50

0.71

0.77

0.81

0.54

0.62

0.31

0.72

0.41

0.72

0.90

0.77

0.80

0.95

0.6d

0.68

45 (1)

0 .34

0.34
0.33
0.18
0.30
0.39
0.29
0.32
0.37
04 0

Pigure represents ,time tram date of salting.
Growerss
#1. E. Glowatski
#6. S. Desmond
#2. E. Parsons
#7. A. Howe
#8. U. Clark
#3. L. Relden
#4.
Marchinowski
e9. Hall
#5. Hibbard

TABUS 12
Effect of growing area on the pH values of
cucumber fermentation»
le-56
Description of fermentation

Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Or
Grower
Grower

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

Northampton (2)
Northampton
Northampton
Northampton
3 Hatfield
Hatfield
Hatfield
Hatfield
Hadley
Brier
6 Brier
7 Northfield
Northfield
Ashfield
9 Williamsburg

J.
1
2
2

Ç(1)
-days

-12

days

30
days

150
days

days

days

days

days

3.7

3.6

3.5

3.4

3.d

3.7

3.8

3.9

3.a

3.5

3.

3.4

3.8

3.6

3.5

3.5

3.7

3.7

3.9

3.8

3.7

3.6

3.5

3.6

3.(3
3.7

3.6

3.6

3.7

3.6

3.9 .

3.7

3.6

3.6

(1) Figure represents time from date of salting.
(2) Growers:
41. E. Glowatski
‘6. b. Desmond
#2. E. Parsons
07. A. Howe
#d. A. Clark
#3. L. Bolden
£9. Hall
#4. à. darchinowski
#5. Hibbard

3.j

4.1.1

3.9

Mil..1111111111.

3. 8

4.2

TABLE 13
Effect of growing area on pectolytic enzyme
activities of cucumber fermentations

Description of fermentation
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Brower
Grower
Grower
Grower
Grower

No.
Po.
No.
Na.
No.
No.
No.
No.
No.
No.
No.
No.
No..
No..
No.

1
1
2
2

Northampton (t1)
Northampton
Northampton
Northampton
3 Hatfield
3 Hatfield
4 Hatfield
Hatfield
Hadley
Brier
6 Brier
7 Northfield
Northfield
8 Ashfield
9 eilliamsburg

days

1)

/ (2)

days

1956-57
10
20
days
days

4*

1.57

3.19

0.85

2.47

6.88

0.15

1.26

5.28

0.14

0.75

4.17

0.14

1.24

5.35

0.00

0.00

0.22

0.76

10
days

(3)
0.86

_1355 - 56
20
days

148

days

IMPOOM

pos.
pos.
pos.

2.30

.34

1.70

6.35
14.90

0.98

2.52

6.53

0

11•01.1111
Sn

0.23

1.37

5.46

0.00

0.90

5.42

(1) Total days from time of brining.
(2) Limitation» or test for 1954-55 season made possible only three ratings for pectolytie
enzyme activity as follows: --- = unknown
? ill probable
pos r positive
(3) Refer to Table 2 for ratings and to text for *explanation of method of calculation.
(4) Growers:
#1. E. Glowatiki
W. Marchinowski
S7. A. Howe
#2. E. Parsons
Hibbard
#8. H. Clark
/13. L. Seaden
#6. S. Desmond
#9. Usill

#e.

TABLE 14
Uffect Of growing area on the pressure test results
and firmness evaluations of cucumber fermentations

1954-55

Pressure
test

Description
of
fermentation

iào(i)

Grower
Grower
Grower
Grower
Grover
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
Grower
(1)
(2)
(,)
(4)

(4)

ao. 1 Northampton

No.
No.
No.
No.
No.
No.
No.
No.
No.
Noe
No.
No.

1
2
2
3
3
4
4
5
6
6
7
7
NO.
8
No. 9

Northampton
Northampton
Northampton
Hatfield
Hatfield
Hatfield
Hatfield
Hadley
Brier
Prier
Northfield
Northfield
Ashfield
Williamsburg

days
lbs.
(2)
15.9
17.1
16.0
16.4
17.1

1
75

dais
iba.

16.e

1 .6
114.6
1 .4
14.3
111.0
16.0
13.1

14.8
13.7

Firmnez s
evalution

ressure
test

Firmness
evalu
tion

1956-57

ereesure
test

Firmnose
evalu
tien

150
days
lbs.

160
days
lbs.

50
days
lbs.

130
days

147

6.7

16.7

15.0

P

12.0

14.9

13.4

14.)

17.3

16.2

P

13.4

16.9

15.1
16.0

16.6
15.8

P
FS

13.5

111..9

10.4

14.9

15.5

15.1

PS

Figure represents time from date of salting.
Average pounds to puncture with a USDA fruit pressure tester.
P e firm; Fs w s14..htly soft;
w soft.
Growers:
#1. E. Olowatski
e4. 4. Uarchinowski
#7. A. Howe
#8. R. Clark
#2. E. Parsons
#5. Hibbard
#3. L. Belden
#6.
Desnond
#9. Hall

PS

FS

TABLE 15
Effect of heating cucumbers to destroy enzyme on the per cent acid
(as lactic) and el values of cucumber' fermentations

fet
Per
cent
acid
»eseriptIon of fermentation
Brine and cucumbers heated '
for 15 minutes at 1809Y,
Bbl.A
cooled and returned to the
barrels; early season
Bbl.B
Brine and cucumbers heated
for 15 minutes at 180 0 4
nbl.A
cooled and returned to the
barrels; late season
Bbl.B

(1)

1955-56
Per cent acid

450.1
des

days

5

days

days

dun

0.47

0.74

0.89

0.72

0.35

3.6

3.7

3.6

3.4

0.41

0.63

0.77

0.67

0.35

3.6

3.7

3.6

3.4

0.52

0.63

0.63

0.40

3.8

3.6

3.6

3.4

0.49

0.90

0.54

0.34

3.7

3.5

3.5

3.4

Figure represeeta time from date or salting.

1‘.

150-

5

o

days days days days

TABLE 16
Effect of heating cucumbers to destroy enzymes on pectolytie enzyme
activities, pressure test results, and firmness evaluations
of cucumber fermentations

1954-55
Description
of
fermentation

P0(1)

Pressure
test

ness
evaluation

PG

175
des
Iba.

(4)
11.6

12.9

(6)
0.00
0.10
3(5)

3.67

7.0

7.7

12.9

13.2

0.00 0.09

2.84

8.3

9.8

IMP «ban

0.11 0.63

4.55

0.7

2.0

41.4/.11

0.19 0.60

5.81

0.8

3.5

«1.1101

1020
days days

Pressure
test

Une
12U
days days
lbs.

Brine and cucumbers heated
for 15 minutes at 180eF,
Bbl.A
cooled and returned to the
barrels; early season
Cbl.B (3)1'
Brine and cucumbers breed
tor 15 minutes at 180'Y
Bbl.A
cooled and returned to the
barrels; late season
Bbl.B

1955-56

48
150
180
days days days
lbs. lb*.

Pintnoes
evaluation

(1) P.a. means pectolytio enzyme activity.
(2) Total days from time or salting.
(3) Limitations of teit tor 1954-55 season made possible ratings for pectolytic enzyme
activity as follows: --- sr unknown
= probable
(4) Average pounds to puncture with a USDA fruit pressure tester.
F me tira; FS = slightly soft; S im soft.
( ) Refer to Table 2 for ratings and to text for explanation of method of calculation.

()
b

TABLE 17
Effect of draining brines and replacing each with freshly made brine
on the per cent acid (as lactic) of cucumber fermentations

Description
of
fermentation
Control - no draining
Brine drained after one
day
Brine drained after là
days
Brine drained after
days
Brine drained after two
days
Brine drained after three
days
Brine drained after four
days
Brine drained after five
days; early season
Brine drained after five
days; letc season
Brine drained after six
days

days

0.27

days

0.31

le5.56
1>
30

days

0•47

days

0.31

150
days

10
days

19g-57
days

10
dare

ià0
days

0.70

1.0d

1.06

0.U5

0.49

0.86

0.85

0.52

0.41

0.75

0.88

1.10

0.35

0.55

0.52

0.34.

0.19

0.41

0.38

0.23

0.27

0.32

0.31

0.23

0.43

0.27

0.69

0.62

0.52

0

0.61

0.40

0.45

0.34

(1) Figure represents tiae from date of salting.

.43

TA.BLE 18
'Effect of drainine brines and replacing each with freihly made brine on
the plt values of cucuMher fermentations

Description of fermentation

Control «. no draining
Brine drained after one day
BrZne drained after li days
Brine drained after 1* days
Brine drained after two days
Brine drained after three days
Brine drained after four days
larme drained after five das;
early season
Brine drained after five days;
late season
Brine drained after six days

cm
days
3• 8

1-9e .56 30
ciav_L_L_L
ia. a

3.7

4.1

15e

days

days

days

1
1
.0

days

days

3.3
3.9

3.5
3.5

3.3
3.2

3.4
3.4

3.9

3.5

3.2

3.2

Z.
e1

Î.e(6
)

Îe
.Z

3.5
3.5

3.9

3.8

3.5

3.6

3.6

3. 6

3.4

3.7

3.5

3.0

3.6

3.6

3.5

(1) Figure represents time from date of salting.

195e)-57
le
20

TABLE 19
Effect of draining brines and replacing each with freshly mad, brine
on pectolytie enzyme activities of cucumber fermentationa
\
Description of fermentation
Control - no draining
Brina drained after one day
Brine drained after 11 days
Brine drained after 1 days
Brine drained after two days
Brine drained after three days
Brine drained after tour days
Brine drained after five days;
early season
Brine drained after five days;
late season
Brine drained after six days

45

egm.
---(2)
...

Id
days

0.00(3)

1955-!.56
20
ei
Ilys
days

0.00

0.00

0.00

0.00

0.00

0.19

0.19

0.19

le

1956;g7

48

days

data

data

0.60
0.00

1.75
0.00

5.93
0.00

0,00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.38

0.00

0.00

0.37

(1) Total days from time of salting,.
(2) Limitations of test for 195455 season made possible ratings for pectolytio enzyme
activity as followas
fr. linknown.
(3) Refer to Table 2 for ratings and to text for exrlanation of method of calculation.

T&BLE 20
Effect of draining brines and replacing each with freshly made brine
on pressure teat results and firmness evaluations
of cucumber fermentations

5V57„5
..e
test
esure

Description
of fermentation
_

Control - no draining
Brine drained after one day
Brine drained after
days
Brine drained after 11 days
Brine drained after two days
Brine drained after three days
Brine drained after four da7s
Brine drained after five days;
early season
Brine drained after five days;
late season
Brine drained after six days

12b(11)
days
s.

16.0
16.4

1•C
d975
lbs.

16.7(2)
15.2

1955.56

hemPressure
noes
tent
evaluation
1.56
ldb
days
da a
lbs.
lbs.

P(3)
P

13.6

15.1

1956-57 ,..,

KmPressure
ness
test
evaluation
SO 'n0
dayedpys
Iba. Iba.

Y

15.7

15.5

P

14.5

13.8

PS

(1) Total days from time of salting.
(2) &verage pounds to puncture with a USDA fruit pressure tester.
(3) F a firm; PS = slightly soft; S
soft.

rivenoes
evalu
ation

17:t

14.0.
15.8

FS
P

17.3
17.1
16.4

16.2
17.4
16.8

P
P
P

17.4

16.9

P

?ALE 21
affect et boiling actively fermenting brines and returning same to
barrels on the per cent acid (as lactic) or cucumber fermentations

Description of fermentation

Control - no boiling of
brine
Brine drained, boiled and
returned after one day
Brine drained, boiled and
returned after two days
Brine drained, boiled and
returned after three days
Brine drained, boiled and
returned after four days
Brine drained, boiled and
returned after five days
Brine drained, boiled and
returned after five days
Brine drained, boiled and
returned after six days

5111

*Ws

455-56
due

days

10

aus

0.46

0.92

0.83

0.71

0.56

0.59

0.63

0.58

(1) Figure represents time fron date of salting.

lb

MOP-5Z

lee

days

120
days

1.08

1.06

0.85

0.72

0.96

1.06

1.46

0.68

1.02

0.95

0.65

0.54

0.96

0.85

0.54

0.59

1.03

0.67

0.39

0.55

0.91

0.61

0.32

days

days_

0.70

TAAL& 22
Effect of boiling actively fermenting brines and returning same
to barrels on the pH values of cucumber fermentations

Description of fermentation

Control - no boiling of
brine
Brine drained, boiled, and
returned after one day
Brine drained, boiled, and
returned after two days
Brine drained, boiled and
returned after three days
Brine drained, boiled and
returned after four days
Brine drained, boiled and
returned after five days
Brine drained, boiled and
returned after five days
Brine drained, boiled and
returned after six days

5411

days

S5-56
days

days

19e57
Z614.8
days

3.9

3.8

3.8

3.4

3.7

3.8

3.7

3.4

(1) Figure represents time from date of salting.

days

days

days

120
days

3.8

3.5

3.3

3.4

3. 6

3.5

3.2

3.1

3.6

3.5

3.2

3.3

3. 0

3.5

3.2

3.4

3.7

3.5

3.3

3.5

3.6

3.6

3.4

3.6

TABLE 23
Effect of boiling actively fermenting brines and returning same to barrels
on the pectolytic enzyme activities of cucumber fermentations

Deseription of fermentation
Control • no boiling of brine
•
Brine drained, boiled and returned
in one day
Brine drained, boiled and returned
in two days
Brine drained, boiled and returned
in three daye
Brine drained, boiled and returned
in four days
Brine drained, boiled and returned
in five days
Brine drained, boiled and returned
in five days
Brine drained, boiled and returned
in six days

10(1)

days

195$-56
20
days

days

0,00(2)

0.00

0.00

0.28

0.28

0.63

10
days

0.00

1956,57
20
dies

days

1.75

5.93

0.00

3.07

0.0k

2.53

0.23

2.94

0.34

3.o6

041

3.23

(1) Time from date of salting.
(2) Refer to Table 2 for ratings and to text for explanation of method of calculation.

TABLE 24
Effect or boiling actively fermenting brines and returning same to barrels on the
pressure test results and firmness evaluations of cucumber fermentations

1956-57
Pressure
test
Description of fermentation

Control - no boiling of brine
Brine drained, boiled and returned
in one day
Brine drained, boiled and returned
in two days
Brine drained, boiled and returned
in three days
Brine drained, boiled and returned
in tour days
Brine drained, boiled and returned
in five days
Brine drained, boiled and returned
in five days
Brine drained, boiled and returned
in six days

150(1)

days
lbs.

lb0

noes
evaluation

days
lbs.

14.5(2)

16.6

13.9

io.8

Pressure
test
116
eve
lbs.

150
days
Iba.

14.0

14.4-

16.5

17.4

16.5

17.3

17.2

17.0

17.2

16.9

17.6

18.1

netts
evalu
ation

P
••••....raravaimaereare...a.

(1) Time from date of salting.
(2) Average pounds to puncture with a USDA pressure tester.
(3) F • firm; pa e slightly soft; S a, soft.

TABLE 25
Effect of original salt concentration on per cent
acid (as lactic) of cucumber fermentations

Description of fermentation
Control - regular salting
procedure
10° salometer brine
150 salometer brine; early
SeaSOD
15 0 milometer brine; late

20 0

season

salometer brine
25° salometer brins: early
season
25° salemeter brine; late
season
milometer
brine;
early
30 °
sea son
30° salometer brine; late
season
salometer
brine
40°
50° salometer brine
10° salometer brine plus
acetic acid
20° salometer brine plus
acetic acid
30° salometer brine plus
acetic acid
40° salometer brine plus
acetic acid
50 0 salometer brine plus
acetic acid

6
days

days

days

days

0.77

0.97

0.83

0.69

0.58

0.86

0.dd

0.75

0.76

1.04

0.38

0.71

0.59

0.76

0.83

0.73

0.58

o.88

0.72

0.58

0.43

0.74

0.81

0.74

(1) Figures repreoent time from date of salting.

In

26

0.77
1.00

days

days

1956-5/
48
eo
days

days

0.90
1.26

0.79
1.20

0 4'_3
0.86

0.97

1.19

1.08

0.79

0,55

0.83

0.79

0.61

3.28

0,52

o.76
0.45

0.43

0.72

0.49
0.25

0.68

1.84

1.69

1.22

1.11

1.35

1.28

0.83

).a9

1.15

1.09

0.77

0.68

0.33

0.77

0.63

o.65

0.90

4) 97

0.92

Effects of original salt concentration on pff
values of cucumber fermentations

Description of fermentation
Control - regular salting
procedure
10° salometer brine
15 0 salometer brine; early
season
15° ¡helmet.r brine; late
season
20° salemeter brine
25° salometer brine; early
se a son
25° salometer brine; late
season
sal
ter
30 °
brine; e*arly
season
30° salometer brine; late
season
0 salometer brine
salometer brine
10 0 salometer brine plus
acetic acid
20 ° salometer brine plus
acetic acid
30° salometer brine plus
acetic acid
400 salometer brine plus
acetic acid
50 0 salometer brine plus
acetic acid

te

5 rlf
days

1955.56
)0

12
days

days

eics

dims

lo

days

3.7

3.6

3-5

3.5

3.6

3.4

3.8

3.5

3.6

3.4

3.6

3.3

3.6

3.4

3.7

3.5

3.5

3.3

3.6

3.6

3.3

3.5

3.8

3.4

3.5

3.4

(1) Pigure represents time from date of salting.

3.8

Z:1
3.5

1954-57

10

days

120
days

3.5
3.4

3.4
3.3

Manna

3.3

3.2

aalio

3.4

3.3

,days

1.11114.411e

ea OW

en

aMOD

MI a

3.6

3.4
3.b 3.14.
3.7
3.3

3.2

3.4

3.3

3.6

an

3.4

3.3

3.8

«NOW UP

3.5

3.3

4.1

«lag»

3.6

3.5

TABLE 27
Effect of original salt concentration on pectolytic
enzyme activities of cucumber fermentations

Description of fermentation

L0{15

days

Control - regular salting procedure
10 ° salometer brine
15 0 salometer brine; early season
(2)0.00
0.13
15 ° salometer brine; late eeeson
20 0 salometer brine
0.00
25° salometer brine; early sceasn
0.00
25° salometer brine; late season
0.00
30° salometer brine; early season
0.00
salometer brine; late seaeon
4o° salometer brine
50 0 salometer brine
10 ° salometer brine plue acetic acid
20° salometer brine plus acetic acid
ealometer brine plus acetic acid
salo:aeter brine plus acetic acid
salometer brine plus acetic acid

?0*

19* --56
days

days

0.00
0.13

0.00
0.23

0.00
0.00
0.00
0.30

0.00
0.00
0.00
0.00

lo

1956..57
26
4.1
5
days

days

0.04
º.46

0.64
1.59

531,6
0

0.07

0.33

3.50

0.02

0.29

2.73

0.00
0.33
0.91
0.13
0.00
0.00
0.00

0.00
0.70
1.75
0.32
0.05
0.00
0.00

0.00
1.83
5.62
3.21
2.91
2.00
1.73

days

(1) Total days from time of salting.
(2) Refer to Table 2 for ratings and to text for explanation of metktod of calculation.

TABLE 28
Effect of original salt concentration on pressure test results
and firmness evaluation, of cucumber fermentations

Description of fermentation

1155-56
1
Pressure
Firmtest
ness
evaluntion
1,
30
dais
days
lbs.
iba.

15 mi

Control - regular salting procedure
100 salometer brine
15 0 salomster brine; early season
15° salometer brine; lat4 season
20° salometer brine
25 0 salometer brine; early season
25° salomoter brine; late season
300 aslometer brine; early season
salometer brine; late season
00 salometer brine
00 salometer brine
10 0 salometer brine plus acetic acid
20° salometer brine plus acetic acid
salometer brine plus acetic acid
brine plus acetic acid
salometer
3000
0°
0
salometer brine plus acetic acid

r

1956-57

Pressure
test

1)0

day s
lbs.

4
1MT *

19.4

17.3

F
S

15.7

10.4

PS

17.9

15.8

F

18.0
17.1
15.7
13.0
13.4
17.9

16.3
15.8
11.2
16.4
17.4
16.8
17.5

P
F
PS
F

lbs.

12.0

PS(3)
FS

14.1

15.1
11.8
15.4

FS
FS

Firm»et
evaluation

13.3

(1) Figure represents time from date of salting.
(2) Average pounds to puncture with a USDA fruit pressure tester.
(3) P r firm; FS s slightly soft; S = soft.

F

TABLE 29
Effect of size of cucumber an the per cent acid
(as lactic) of cucumber fermentations

Descriptions of termentations5 (i) lelg
'days
digs
days

120
day

Premium size;

early season

0.J37

1.00

0.33

0 .47

Premium sise;

late season

o.35

0.54

0.38

0.53

No. two size;

early season

0.41

0.92

0.63

0.33

0.47

0.70

0.68

0.42

early seaaon 0.35

0.94

0.31

0

late season

0.50

0

No. two size; late season
No.

three size;

No* three size;

(1)

0.25

.59

.40

0.39

Figure represents time tram date of salting.

10
daVe

days

120
days

0.99 0.84

0.59

.34

0.77

0.34

0

.59

120
daya

0.70

0

.44

19e

0

57

.52

0

.20

0.3 8

TABLE 30
Street of size of cucumber on pH values
of cucumber fermentations
1955-56

1956-57

511J 1g

due

15D
days

o
dva

1zo

days

30

15

dnys

daze

days

dnys

3.7

3.5

.3.8

3.5

3.7

3.7

3.8

143

Premium size; late season

3.8

3.7

3.7

3.7

No. two size; early season

3.7

3.6

3.7

3.5

3.7

3.6

3.5

4.4

No. two size;

3. 3

3.6

3.6

3.6

No. three size; early season

3.7

3.5

3.5

3.4

3.7

3.9

3. 8

3.8

No. three size;

3.8

3.6

3.4

3.5

Description ot fermentations

Premium size;

early season

late season

late season

(1) Figure represents time from date of salting.

TABLB 31
Effect of size of cucumber on the pectelytie enzyme
activities of cucumber fermentations

Descriptlun of fermentations
Premium size; early season

10u)

der_

1_95e56
2
days

days

(2)0.04

0.16

1.27

Premium size;

late season

0.10

0.32

0.52

No. two size;

early seasàh

0.08

0.09

0.66

No.

two size;

late season

0.20

1.47

5•g9

No.

three size;

early season

0.00

0.00

2.74

late season

0.17

0.98

4•22

No. three size;

10

1g6.57

40

days

days

0.50

1.78

6.18

0.37

1.86

6.34

0.20

1.74

6.a6

(1) Total days from time of salting.
(2) Refer to Table 2 for ratings and to text for explanation of method

or

does

calculation.

TABLE 32
Effect of sise of cucumber on the pressure test results
and firmness evaluations of cucumber fermentations

Pressure
test
Description of fermentation

156(1)

1955-56

FirstMel»

lbo

evaluation

des
lbs.

days
lbs.

(2)34

40

Premium sise; late season

10.8

11.3

PS

No. two sise; early season

13.3

11.9

PS

No. two else; late season

14.0

16.8

No. three also; early season

13.6

16.5

4.7

17.0

Premium sise; early season

No.

three sise; late season

5

(3)

Pressure
test

55

1956-57
Pirmnasal
evaluatIon

1So

days
lbs.

days
Iba.

14.6

12.2

16.3

16.4

15.0

16.4

(1) Figure represents time from date of salting.
(2) Average pounds to puncture with a USDA fruit pressure tester.
(3) P
firm; PS e slightly soft; S le soft.

P

TABLE

33

Effect of calcium and alum added at time of brining on the per cent
acid (as lactic) and pH values of cucumber fermentations
(1956-57 season only)
Per cent acid

pH

eescription of fereentation Tarrr"er"daye
days

4d
dies

120
days

Control - 40° ealometer
brine only

0.67

0.67

0.49

40 ° geometer brine plus
0.05 per cent calcium

0.72

0.45

40° salometer brine plus
0.10 per cent calcium

0.44

40° salometer brine plus
0.05 per cent alum

400 salometer brine plus
0.10 per cent alum

des

20
daze

d
dap

due

0.16

3.8

3.3

3.8

4.4

0.23

0.11

3.7

3.9

4.2

4.9

0.33

0.20

0.13

462

4.1

4.4

5.0

0.67

0.50

0.25

0.18

3.7

3.8

4.2

4.2

0.66

0.42

0.20

0.11

3.6

3.7

4.0

4.4

(1) Total days from time of salting.

10

1.>0

TABLE

34

tffect of calcium and alum added at tine of brining on pectolytie
enzyme activities. pressure test restata ff and firmness
evaluationis oreuoumber fermentations
(1956-57 season only)

P0(1)
Deseription of fermentation

Control - 40 ° salometer brine
only
40 ° salometer brine plus 0.05
per cent calcium
40 ° salometer brine plus 0.10
per cent calcium
40 ° aalometer brine plus 0.05
per cent alum
40 0 salometer brine plus 0.10
per cent alum

(1)
(2)
(3)
(4)
(5)

Pressure
teat

e

10(2)
dvs

20
days

40
days

(3)
0.57

2.00

6.36

d'ys
lbs.
(4)
14.2

0.26

1.50

5.85

0.10

1.37

0.19
0.22

136
days
lbs.

Krum
nese
evaluation

15.1

(5)
PS

17.1

16.7

P

5.47

17.3

17.6

P

1.21

5.34

15.5

14.9

PS

1.47

5.54

15.6

14.5

PS

PG means pectolytic enzyme activity.
Total days from time of salting.
Refer to Table 2 for ratings and to text for explanation of method of calculation.
Average pounds to puncture with a =A fruit pressure tester.
P s firm; PS s slightly soft; 3 • soft.

TABLE 35
Effect of TEP? (tetra ethyl pyrophosphate), surface layers of mineral oil,
and bruising an the condition of cucumber salt itteók.
(1954-55 season only)

Descript on of.ferwentation

Mineral oil layer on surface
Mineral oil layer on surface
Cucumbers previously sprayed with TE??
(but washed prior to brining)
Cucumbers previously sprayed with TE??
Cucumbers bruised prior to brining
Cucumbers bruised prior to brining

Per
cent
acid
4(2)
days
0.76
0.75
0.22
0.27
0.28
0.35

Paril

45

days
l(3)
?
..pos
?
..-

Pressure
test

120

Ant:nose
evaluation

175

due
lbs.

days
lbs.

111
.1)
14.7

12.3
12.6

FS(5)
FS

16.9
16.7

15.3
16.5

It.e

W.;

F
F
F
F

(1) P0 means pectolytic enzyme activity.
(2) Total time from date of salting.
(3) Limitations or test for 1954-55 season made possible only three ratings for pectolytie
enzyme activities as follows: --- al unknown
?
probable
pos IT positive
(4) Average pounds to puncture with a USDA fruit pressure tester.
(5) F a firm; PS a slightly soft; S w soft.

TULE 36
Effect of surface layers of scum yeast without agitation on the
per cent acid (as lactic) of cucumber fermentations

Description of fermentation

5(1)
:
days

40° salometer brine; cover
40 ° salometer brine; cover

iîï5+56
dun

30
days

120
days

0.54

1.02

0.85

0.61

0.74

0.83

50 ° salometer brine based
on total: mrrel
contents as water

(1) rigure represents time from date of saltine.

16

days

1156-57

__

i3

]20
days

days

day*

0.67

0.31

0.81

0.75

0.37

0.79

0.76

0.69
0.52

0.70
0.61

0.88
0.56

37

TABLE

Effect of surface layers of scum yeast without agitation on the
pE values or cucumber fermentations

Description of fermentation

5( 1)

19fee 6

)15

le

lo

dAYa

days

days

days

days

ig6,57
days

48

days

days

salometer brine;

cover

3.6

3.7

3.7

3.5

3.7

3.2

3.2

salometer brine;

cover

3.8

3.5

3.5

3.4

3.7

3.3

3.3

3.5
3.5

i:t

5043 salometer brine based
on total barrel
contents as water

(1) Figure represents time from date of salting.

4.6

4.9

Mt MO.»

01,011.118.

TARLE 38
Effect of surface layers of sou* yeast without agitation on pectolytic
enzyme activities et cucumber fermentations

Description of fermentation

ram

l955.5619egle/

lb

lee

dima

dam.

days

days

days

days

40° salometer brine cover

0.02(2)

0.12

0.21

0.00

0.00

o.o6

40° salometer brine cover

0.05

0.29

0.78

0.00

0.00

0.46

0.00
0.00

0.00
0.22

0.20
3.02

50 ° salometer brine based
on total barrel
contents as water

(1) Total days from time of salting.
(2) Refer to Table 2 for ratings and to text for explanation of nethod of calculation.

TABLE

39

Effect of surface layers of sous yeast without agitation on pressure
tests and firmnese:évaluatioch of cucumber fermentations
19g-56
Pressure
test
Description of fermentation

Wit].)
4SYs

ibs.

40° ealometer brine cover
40 ° salmon« brine cover

8.3(2)

13.8

izei

11.1» «e. IMP

teat

21G13 8

evaluation

days
lbs.
7.2

1956-$7

fressure

Firm-

S(3)
FS

50 ° salometer brine based
on total barrel
contents as water

(1) Total days from time of salting.
(2) Average pounds to puncture with a USDA fruit pressure tester.
(3) F
firm; PS
slightly soft; S u soft.

Firmness
evaluation

50
4s
lbs.

1S0
dszs
lbs.

15.1

13.3

14.1

14.7

PS

2

11.7
14.3

PS

.11.
3

S

TABLE 40
Effect of fertilizer treatments on firmness et fresh
cucumber and salt stock

Plot
derription

1 Nitrogen
1 Potassium
II
1- Nitrogen
2 Potassium

III
2 Nitrogen
1 Potassium

Iv
2 Nitrogen
2 Potassium

Variety

CaC1 2
spray treatFresh cucumbers
ment indiÈarIy
rate
sated by z
season
season

Salt steak
garb.
Late
season »scan

15.8
18.5
15.2
18.4

iiisconsin SUR 12-12
Ohio MR-17
Asconsin liMR 12-12
Ohio MR-17

17.2
19.9

19.1
19.6
16.9
19.3

icorsin ::›UR 12-12
Ohio MR-17
Wisconsin Ste 12-12
Ohio M11-17

18.8
18.8
18.4
19.14

19.6
211
17.
18.

17.1
17.9
17.6
19.1

Wisconsin sen 12-12
Ohio UR-17
Wisconsin SMR 12-12
Ohio MR.-17

19.0
20.0
18.7
19.4

19.0
20.6
17.9
18.4

16.4
19.0
16.9
18.7

15.3
18,7
It ft

Iilsconsin l'ime 12-12
Ohio MR-17
àisconain SUR 12-12
Ohio MR-17

13.6
11.8
18.6
19.6

19.6
20.0
18.4

16.9
18.7
16.6
19.3

14.0
17.4
14.9
18.0

17.8*

18.8

** No sample available.
* Average pounds to puncture with a USDA fruit pressure tester, approximately 40
cucumbers used for each examination.

TABLE 41
Pressure tests on salt stock from plots
with different fertiliser treatments

Plot description

Variety

iar1i season
uun s
Pressure
difference
test
Ave.pounds between
varieties
2 rows

Late season
Fourni
ereesure
difference
tent
between
Ave.puunds
varieties
2 rows

1 Level Nitrogen
1 Level Postassium

MR-17
SKR 12-12

13.1

3.6 lbs.

18.5
15.5

3.0 lbs.

1 Nitrogen
2 Potassium

MR-17
set 12-12

18.5
17.3

1.2 lbs.

17.1*
13.6*

3.5 lbs.

2 Nitrogen

13.4
16.7

1.7 lbs.

18.7
15.1

3.6 lbs.

1 Potassium

UR-17
SMR 12-12

2 Nitrogen
2 Potassium

MR-17
SAR 12-12

19.0
1.3

2.2 lbs.

1Z: 7
5

3.2 lbs.

* Only one row of eareh available for sampling.

TA.BLE 42
(Tari;:ms examinations for softness made on cucumber pickles fermented
at the D. M. Jewett Company during the 1954-1955 season

Tank
Number

8-6
9
20
23

kl

.42
43

55

62

89

90
96

Description of
Tank

Genufne

Dill,#2 1.
Premiums

#1's
rubs
#2's
#1's
Premium
and #1's
-Ills
Field run
2'a
rite brine
changed 36
hours
#1's brine
changed 36
hours

Previous Per Cent
PG
History
Activity
acid
ofAloft- (aslactic) (by viscoeniele
il)
sity)
no

1.00

yea

yea

0.95

yes

no
no
no
yes

1.17
0.39
0.95
1.17

no
no
no
probably

1.08
1.26

Pressure
test

Final
Evaluation

(2)

(3)

13.3

soft

ellbee.111.111

.111,

15.2
15.9
17.7

8.5

good
good
soft
some soft

0.79

no
no
no
no

yes

0.76

no

17.8

on hand

yes

0.94
1.04

no

15.5

on hand
on hand

no

nO

17.7

411111 •••

•

,freshened,:
very early

good
good
good
soft

yes
no
no
no

0.92

Remarks

MOPOW
MMe.IM
et.MM
••••••

«I.

as of
May 19
as of
May 19
as of
May 19

(1) Taken on November 10, 1954 after approximately three months storage.
(2) After approximately six months' fermentation; average of throb- punctures per cucumber
for six cucumbers.
(3) Evaluation made by the D. M. Jewett Co. at the time of freshening.

TABLE 43
Rumination of salt stook pickles of the D. M. Jewett Company
for the 1955-56 season
pif values
Vat
Nueber

Description of farmentation

(1)
7-9
days

13-16
days

70

Field rue; drained after 5 days
Relish; drained after là days
#2ts; drained after 2 days

3.8
-..
---

75
78
0

#3ts; drained after là days
Mixed; drained tame day
#lts; drained

...
(
3.,,,i,
3.o

88

Relish; not drained
Field run; not drained

.....
4.1

3.7
3.9
3.7
---

-----

Imedfflm.

M

106
17
1
ld
182

#3' e; not drained
#3' s; drained after 4 days
#3 14; not drained
#34; drained

(1) Tine from date of capping of vat.

3.6

3.6
3.6

3.6

Per cent acid
(as lactic)
approx.
*PM«
30, . 7-9
13-16
30
days
days
days
days

3.8

3.5
3.1

0.59

0.74

..-0.70

••••.•••••

0.79
0.79
0.97
0.72

0.63
"74
"77
0.81
0.65

0.81

osal

047

---.

Z, 3421
3.7
4.0
4.0

---0.38

MI
«1411,1•11

3.6

.O....»
MeeemeM
M

Mm ./.011,
«SM..»
mMIIIMM

---

3.8

----

----

...
3

0.63
--..

M.OM4.1b

UM

---

0.*3
0.67

0.
49
0.88
0.72
0.52

TABU

144

Exttminstion of salt stock picklea of the D. X. Jewett Company
for the 1955-56 'season
Pectolitic enzyme
activity (by viscosity method)
rumber
41
69
70
75
78
BO

88

106
174

175
130

182

Descriptim of ferientetion
Field run; drained after 5days
Relish; drained after là days
:#2 1s; drained after 2 days
#3's; drained after là days
Mixed; drained sane day
#1's drained
Relish; not drained
Field run; not drained
#3's; not drained
#3's; drained after 4 days
#3 0s; not drained
#3's; drained

Pressure
test

days

(Info

days

days

reg. (2)
Str.
neg.
ztr.
Wed.
peg.

neg.
Str.
Hag.
:Are
Meg.
neg.
Mod.

Neg.
;Ur.
neg.
btr.
nod.
Neg.
mod.
Neg.
Mud.
Keg.

13.7
used

Meg.

_ tr.

neg.
E.g.
Aod.

Final
evaluation

Lbs.

14.5

11.6

12.5
13.8
15.7
11.7

Veg.

•••••••••••••••••drie•IMI

(1) Days from time of salting.
(2) Ratines based on conversion of per cent loss of viscosity to ratines an given by Bell,
etchella, and Jones (1955).
Average
pounda required to puncture pickle with Usie fruit pressure teeter; one
(3)
puncture each fer
the to ten pickles rrom top layers or vats.
slightly soft;
Xade
by
D.
M.
Jewett
Cowany personnel in July 1956.
? = firm; Pr,
(4)
S a soft.

Part II
Pectio Substance studies
Characterisation of pectic substances in four varieties of
pickling cuouMbers.
It had been observed during the first two years of
study or softness in salt stock pickles that there was a
lack of correlation between the pectolytic enzyme activity
of brines and pressure teat results among different varieties of pickling cucumbers.

Some varieties seemed to re-

main firmer than others in spite of high pectolytic enpyme
activity in the brines.

Since the softening or salt stock

had been correlated with pectolytic enzymes, a study of the
pectic substances of four major pickling varieties at various
stages of fermentation and softness were undertaken.
Preparation of samples,.
CucuMbers of the Ohio MR-17, Ohio MR-25, tisconsin
and Wisconsin SMR 12-12 varieties were grown on similar plots
of soil at the University of Massachusetts. *

Samples of

these cucumbers were harvested and salted the same day.

Por

the cucumbers intended to be classified an "fire salt stock,
cucumbers were salted in 25 gallon barrels using the salting
procedures previously described.

For the "soft" salt stock,

ten and a half pounds of cucumbers of each variety were put
into two and a halt gallon glass jars.

*Loh jar was then

* éceurtesy or Professor C. L. fhomson, Department of Olericulture, University of Massaehusetts, Amherett.

tilled with brine from a previous fermentation that had indicated extremely high pectolytic enzyme activity as determined by the viscosity method of Bell, Etchells, and Jones (1955).
Periodic examinations tor peotolytic enzyme activity
were made on the fermentations.
in Table

These results are summarised

45.

Pressure teat examinations were made with a United
States Department of Agriculture fruit pressure tester on
fresh unsalted fruit of the four varieties and on the salt
stock.

These results are shown in Table 46.

Prom 30 to

45

cucumbers were used for each pressure test evaluation.
Tissue semples were prepared for pectic substance characterization from the fresh fruit, firm salt stock, and
soft salt stock of each variety.
inches to

4. 3/4

Number two aise

(3 3/4

inches long) cucumbers were used in an at.;

tempt to obtain approximately the same maturity in all samples.
The following method or tissue preparation was used.
Cucumbers were sliced with& hand operated vegetable slitter
into slices approximately one-eighth inch in thickness.
extract sugars and inactivate enzymes,

boo

alleles were added to two liters of boiling

To

g. of these

95

per cent eth-

anol slowly so that the temperature of the mixture did not
tall below 70 0 0.

The salt stock cucumbers were not freshen-

ed prior to the alcohol extraction.

The mixture or ethanol

and cucumbers was heated for 15-20 minutes.

The alcohol

soluble materials were removed by filtering through gauss

diaper cloth, and the tissue was allowed to stand for two
hours in fresh 95 per cent ethanol.
This alcohol was removed by filtering again through
gauze diaper cloth.

The sugar-tree tissue was then dried

at 65.5°C. for one and a halt hours on plastie screens in
a tunnel dehydrator equipped with a blower.

The tissues

were stored under refrigeration in tightly sealed glass
jars until needed for later extraction and characterisation
of the pectic substances.
Total pectic substances.
Total pectic substances (as anhydrouronie said) on a
wet basis were determined on the fresh fruit and on the
firm and soft salt stock by the method or MeCready and McComb (1952) with slight modifications.
Utraction.
Twenty-five g. of the cucumber were blended five minutes with 125 ml. of 95 per cent ethanol in a Waring Blender.
The mixture was then
carded,

filtered and the alcohol filtrate dis-

The remaining pulp was washed three times with

per cent ethanol and suspended in 200 ml. of

5 per

95

cent

Verson. *(ethylenediaminetetra-acetic acid tetra sodium
salt) solution to sequester the divalent cations.

The pH

was adjusted to 11.5 with 1.0 N sodium hydroxide and the
pectin de-esteritied by holding at 25° 0. for 30 minutes.
The pH of the mixture was adjusted to 5.0 • gersworth Chemical Co., liraminiham, gass.

5,5

with

acetic acid and 0.10 g. of pectinase (Pectinol 100.D*) was
added.

The mixture was stirred periodically for one huur.

After that it was diluted to 250 al. and filtered.
first few mi. of the filtrate were discarded,

The

and eight al.

of this latter solution were removed for analysis.
Calorimetric determination.
Twelve mi. of cGlioentrated He% were measured into
test tubes and cooled to 3° C. in an lee bath.

A twe mi. ali-

quot of the unknown solution was slowly added and stirred
in 'hared4-11.y with a footed stirring rod.

The tube was

cooled to ›elow 5° C. in an ice bath prior to heating the
tube and contents for ton minutes in a boiling water bath.
After removal from the bath, the tube was cooled to about
20°C., and one al. of 0.15 per cent carbasole in ethanol
solution was slowly added with stirring.

The tube was allow-

ed, to stand at room temperature for 20 minutes and the resulting color development determined on a Coleman Universal
Speetrophotometer at a wavelength of 520 millimicrons.
Standard +turves
To obtain a standard curve exactly one g. of selecturonic acid monohydrate was weighed out and made to volume
in a liter flask with dietilled water.

This stock solution

was allowed to stand overnight prior to making appropriate
dilutions to get two ml. aliquots containing anhydrogalaoturonie acid covering the working rang* from 20 to 100

*Sdhat and' Haas Co., Ohiladeghla, #a.
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micrograms.

The factor 0.83 was used to convert galacturonio

acid monohydrate weights to anhydrogalacturonio acid.

To

correct for daily variations, a 40 microgram standard was run
with each determination.
The results of total pectic substance analyses an a
wet basis are listed in Table 41.
Fraotionation of poetic substances.
The poetic substances in the dried sugar-tree tissues
of the fresh fruit and of the firm and soft salt stock of
the four varieties were removed by separate, successive
extractions with distilled water (tor pectin), 0.5 per cent
Veneno at pi

6.0

(tor pectinio acid), and 0.5 N HC1 , at

851.5° C. (tor protopectin).
Six g. of dried, sugar-free tissue, ground to 30-mesh
in a Wiley mill, were stirred with 600 ml. of distilled
water for four hours.

All extractions were made in sets of

tour (one of each variety) using a multiple stirring apparatus to insure uniform agitation.

Trials revealed that

the speed of agitation affected the amount of material extracted.

At the end of the extraction time,

the water-

soluble extract was separated from the tissue by filtration
with auction, usina Whatman Number 41-h filter paper.

The

volume of each resulting extract was measured to enable a
correction tor the water remaining in the tissue.
The residue from the water extraction was suspended in

600 ml. of 0.5

per cent Verson* solution and the pH adjusted

-67..

to 6.0 with concentrated HC1.

This mixture was agitated for

four hours, the extract filtered as for the water extraction,
and the extraction procedure repeated with 600 ml. 0.05 per
cent Verson* solution at pH 6.0.

The volume of the combined

filtrates of the Versons solution extractions were measured
for volume correction purposes.
The residue from the previous extraction was net suspended in 600 ml. of 0.5 N HC1.The extraction mixture was
heated to 854.5 ° C. on a hot plate and extracted for two hours.
Stirring was used during the extraction;
of stirring could not be assured.
made it Lspossible to

1180

however, uniformity

The use of hot plates

trie multiple stirring apparatus.

Six extractions of the water-soluble, Versene-soluble,
and acid-soluble pectic aubetances were made from each of
the varieties.

Aliquots for anhydrouronic acid analysis

were removed from each extract and made to volume in 100 ml.
volumetric flasks, using 20 ml. 0.05N Na0Hand water.
analyses were run on two ml.

The

aliquots of the diluted extract

by the carbazole procedure used previously for total pectic
substances.

The results,

au per cent anhydrouronic acid in

the tissues on an ash, water,
marized in Table 4d.

and sugar-free basis,

are stun-

The total pectic substances for each

variety le the sum of the water-soluble, Versene-soluble,
and acid-soluble fractions.
The ash content» of the dried tissues were determined
by igniting weighed amounts of ground tissues in crucibles
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in a muffle furnace for 16 hours at 550 ° e.,
dessioator and then reweighing.

coollng in a

The moisture contents of

the dried tissues were determined by drying weiphed amounts
of the tissues in a vacuum oven at 70 ° C.

and

25

inches of

vacuum for 16 hours, cooling in a deasicator, and reweighing.
Precipitation ofjbectic substances in each fraction extracted.
An attempt was made te precipitate the pectic substances
from each traction for each variety.

It was observed that

the amount of pectic substances that could be obtained from
the water-soluble fraction would be insufficient for further
characterisation studies.

The pectic substances of the acid-

soluble fraction were precipitable in hot ethanol at pH 2.0,
acetone, and benzene.

However,

the precipitate passed through

the filter paper when attempts were made to separate it from
the liquid portion of the mixture.

This indicated that

3=0

degradation of the pectic substances had occurred and further
characterisation attempt,' would not give results indicative
of conditions existing in the tissue.
The pectic substances from the Versene-soluble fraction
were precipitated and separated.

Por each volume of extract

two volumes of 95 per cent ethanol were heated to boiling.
Sufficient concentrated Hel was added to each extract prior
to its adLition to the boiling ethanol to brins, the final
pH to 2.0.

The mixture was allowed to stand overnight at

room temperature.

The supernatant clear liquid was siphoned
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off and the remaining mixture filtered using auction.

The

precipitate was washed three times with 95 per cent ethanol,
twice with acetone, and allowed to dry at room temperature
on a watch glass.

It was then scraped off the watch glass,

ground to 60,mash in a Wiley mill and stored in tightly
stoppered 25 ml. Erlenmeyer flank.
Relative viscosities of the Versene-soluble pectic substances.
The method of Owens et al (1952) was used with slight
modifications.

One huntieJd fifty mg. of the alcohol insolu-

ble materials from the Versene-soluble traction of each tissue sample were dissolved as completely as possible in 50 el.
of distilled water.

This was accouplieed by adUing the

alcohol insoluble matter slowly to water heated to 60 ° C. and
stirring at slow speed for one-half hour in a sell-micro
stainless steel jar on a waring Blendor.

sodium chloride

(0.80g.) and Verson. (0.20g.) in 15 ml, of distilled water
wore than added to the jar, the pH adjusted to 6.0,
ring continued for one-half hour.
time,

and stir-

At the end of the stirring

the solution was diluted to 100 ml. in a volumetric

flask and shaken thoroughly for one minute.

Diluted solutions,

to get 0.10 and 0.05 per cent concentrations, were prepared
from the original.

Two ml. aliquots wore removed from the

original solution and analysed for anhydrouronic acid by the
carbasole colorimetric method.
The viscosities of the three solutions of each alcohol
insoluble material were determined in Ostwalde-Fenske eumber
50 viscosity pipettes suspended in a 2540.03 ° C. water bath.

..70..

Por each sample, the viscosities, expressed as the ratio
et efflux time (seconds) for 10 ml. of the solution to efflux time for the solvent, were plotted against the concentrations of anhydrouronio acid in each dilution.

The rela-

tive viscosities for 0.10 per cent solutions of anhydrouronic
acid were taken from each curve and shown in Table 50.
Methoxyl (%0)
stances.

content of the Versene-soluble,pectic sub-

The method used closely approximated the saponification
method of Stier, Ball, and Maclinn (1956).

Two hundred mg.

of alcohol insoluble material were dissolved in warm distilled water by stirring in a semi.mioro steel jar on a ïiaring
Blinder for 20 minutes.

The resulting solution was diluted

to 50 ml. in a volumetric flask.

Ten ml. of this solution

were removed for anhydrouronic acid analysis.

The remainder

of the solution was transferred to a clean 100 ml, beaker
and the pH was slowly adjusted to 7.5 with 0.1 N NaOH until
that pH persisted for 20 seconds.

Then 10 ml. of 0.5N NaOH

were added to each beaker with brief stirring.

The beakers

were then covered with tight fitting rubber covers and allowed to remain at room temperature for exactly 30 minutes.
The excess alkali was then titrated to pH

7.5 with 0.10N Hal.

Duplicate determinations were made on each saniple of alcohol
insoluble material.
A blank was run with each determination.

The amount of

0,10NNIOli required for saponification was the difference

between the unknown solution and the blank.
as per cent methoxyl
of the solutions,

(01130)

The results,

of the anhydrouronic content

are given in Table 51.

Calcium, ketassium, sodium, and pholehorus contente of
fresh cucibers and salt stock cucumbers.
Since calcium and pectic materials can unite in the
form of calcium pectate,

a gel,

calcium determinations were

made on the dried tissue of the fresh fruit, with and without the removal of sugar with ethanol,

and on the dried tis-

sue of freshened and unIreihened salt stock.

Because of pos-

sible interrelationships among utinerals in the tissues, potassium and phosphorus determinations were made on the same
tissue samples.

Sodium determinations were made on the salt

stock so that correction could be made for the sodium chloride
content of the salt stook.
Calcium.
An analysis of the calcium content of all the tissue
samples was attempted by the use of a Perkin-Ellter flame
photometer.

The analyses of the fresh fruit samples were

successful; however,

interference from large amounts of sodium

in both the freshened and untreshened salt stock sa:aples
necessitated the use of the calcium oxalate method for plant
tissues, as given in the A.U.A.C.

(1950), for those tissues.

The procedure used for th* flame photometer analyses was
that of Steckel (1957).

Three hundred mg.

or

tissue were

accurately weighed and transferred to semi-micro Kjeldahl
flasks.

Three ml

concentrated nitric acid and three ml. of

-72 -

concentrated perchlorice acid were added to each flask.
The contente of each flask were digested 2artially by
heating on u seam

t1

for 15 minutes.

The digestion was

completed by heating over a -semi-micro burner until a clear,
nearly colorless liquid resulted.

The contents of the semi-

micro Kjeldahl flaska were washed into 100 ml.
flasks,

volumetric

sufficient lithium chloride solution added to get

a final concentration of 50 p.p.m.

lithium,

and made to vol-

ume with distilled water.
andard solutions or calcium,

each with 50 p.p.m.

lithium added to act as internal standards, were made up fur
the working range.
(p.p.m.)

A standard curve of calcium concentration

versus photometer scale readings was plotted.

De-

terminations for calcium by the flame photometer method were
made in duplicate.
Por the sanples having high sodium contents,

the macro

method for calcium 1:d plants offered by the A.O.A.C.
was used with slight modifications.

A five g.

weighed and transferred to a 150 ml.

beaker.

chloric acid and 15 to 20 ml.

s&aple was
Three ml.

to evaporate to dryness.

per-

of nitric acid were added.

beaker and contents were slowly heated on a hot
a clear liquid remained,

(1950)

The

plate until

and then the contents were allowed
This corapleted the as-ing.

The residue in the beaker was next dissolved in 25 ml.
distilled water,
any waxy,

heated slightly,

non-ashed material.

and filtered to roraove

The volume was made up to

'.73 ,
.

approximately 50 ml. and 10 ml. of saturated ammonium oxalate solution .ere added.
was added,
hydroxide.

A drop of methyl red solution

and the color adjusted to yellow with ammonium
The mixture was boiled until the precipitate bo-

ttom. coarsely granular and was then allowed to stand overnight.

Next the mixture was filtered, and washed 10 to 12

times with distilled water.

A hole was made in the point

of the filter and the precipitate was washed with hot H2SO4
(144)

into the original beaker.

The oxalate in the solu-

tion was titrated with 0.1066 N potassium permanganate.
The calcium content of the tissue was ealculated by the following formula:
(ml =n04)(0.1066)(20)
per cent •0a r.

5000

x 100

The results of the calcium determinations for 2 years.
are shown in Tables 52 and

53.

Potasaium and sodium.
Potassium and sodium analyses were made using the flame
photometer.

Solutions prepared ln the manner described for

the calcium determinations were used for the potassium and
sodium measurements.

These results are listed in Table 53.

Phosphorus.
A modification of the method of Sherman (1942) was used
for determining the ph.osphorus contents of the tissues.
sentially,

Es-

it consisted of first digesting the organic matter

and converting the phosnhorus to its inorganic form by boiling

with 60 per cent perehloric acid and then obtaining a blue
color reaction by addition of sumnonium molybdate and 1, 2,

4-

aminonaphtholsulfonic acid.

The depth of the blue color

formed is measured in a photoelectric colorimeter.

The in-

terference of arsenates is eliminated by reduction to arserites with an excess of sodium bisulfite.
these analyses are included in Table

The results of

53.

Pectoleic enzynn activitz in fresh cucumbers.
Bell (1951) had reported the presence of pectolytic enzymes in ripe whole fruit of different cucumber varieties
and intimated that the fruit may be a source of softening enzymes during fermentation.

The method used for this study is

a modification of that of Bell (1951).
Pruit for these examinations had been frozen and stored
at 0° P.

(-15.7 ° C.) until the time of the test.

righty g.

of the partially thawed fruit were blended with 40 ml, of
distilled water in a Waring Blendor until a loose slurry was
obtained.

Then 40 g. more of fruit plus 3.2 g.

sodium chlor-

ide were added to slurry and the mixture stirred until uniform.

The extract was removed from the insoluble particles

by filtration.
The extract was dialysed for three hours in running tap
water and one hour in distilled water to remove cations that
could form gels with pectins.

A portion of the dialyzed ex»

tract was adjusted to pH 3.0 and held for 24 hours at 40 ° C.
as recommended by Bell (1951) to inactivate pectinesterase.

Teats were run un both the dialyzed unir.ated and dialyzed
heated extracts.
Two standurd 1.2 per cent sodium polpectate solutions
were naLie,
'Jne ml.

one bufforoci at pH 4.1 and the other at pH 5.0.

uf u;%.tract was uied with five Isl.

of each standard

polypeotate solution and incubated for 20 and 44 hours.
viscosity of the mixture in each pipet was read at the
of mixing and at the ene or each incubation period.

54

shows the results of this study.

time

Table

The figures in the table

are the per cent losses of viscosity of th.'
pectate solutions.

The

standard poly-

TrtBLE 45
Relative pectolytic enzyme activity in brines of
firm and soft salt stock for a two
month period
Variety

Firm salt stock

Soft salt stock

Ohio MR-17

0.20

6.25

Ohio MR-25

2.96

7.28

Wisconsin SR-6

2.00

6.25

Wisconsin 3MR 12-12

4.31

7.14

TA3LE 46
Pressure test results on four varieties of
cucumbers at various stages of softness
,•••••110•1•••••••••110..1•11•••••••118.IIIIIIIIIIIMMIMOIMIMMIIIIIIIIIMI

Variety

Fresh, unsalted
cucumbers
20.6

Ma..25

19.9

Relatively
firm salt
stook

Soft salt
stock

::
1"
i6.7
,
7

14+51

(1)
5

e

18.

$.D.

18.8p3.D. 14.7 J
4
]N.S.(3)
SMN 12-12 18.25
14 •
sn-6

12.0
12.0

.D.

11.8

11.9 ]N.S.

(1) Expressed as average number of pounds required by pressure
tester to penetrate fruit.
Ranges's
16 and higher --- Pira
1Vthrough 15.9 --- Slightly soft
below 14
Soft
(2) S.D. means significant difference at five per cent level
of confidence.
(3) N.S. means no significant difference at five per cent level
of significance.

TABLE 47
Per cent total pectic substances (as anhydrouronic acid)
in pickling cucumbers at various stages
of fermentation and softness
Wet basis
Description
of
tissue

Variety.
MR-17

MR-25

sR.6

SUR 12-12

Fresh cucumber

0.265

0.241

0.222

0.219

"Firm" salt stock

0.223

0.209

0.217'

0

"Soft" salt stock

0.250

0.262

0.292

0.256

Per sent change
Fresh to "soft"

-5.7%

+31.5%

+16.9%

.199

TABLE 48
Fractionation of pectic substances of pickling cueumbers at
various stages of fermentation and softness
eater soluble
ME-17

ME-25

sit-6

0._5% Versene-sOltible
SMR 12-12

MR-17

Mil-25

et-6

SMR 12-12

S.D.(1)
Fresh cucumbers

* 2.05

2.11

2.37

2.38

5•49

4. 89

4.10

4-34

1.60

1.22

7.02

3.59

7.97

7.46

S.D.
Firm cucumbers

1.33

1.33

S.D.
t

S.D.

1

t S•DI,1 ,---âsei ,
Soft cucumbers

0.77

0.58

1.02

S.D.

1
S.D.

t
D.

I
0.93

I
9.57

9.65

/

S.D. 1
11.28

* apressed as per cent of the tissue on an ash, swat., and water-tree basis.
(1) S.D. means significant difference at five per cent level of confidence.

10.38

TABLE 48 (continued)
Fractionation of pectic substances of pickling cucumbers at
various stages of fermentation and softness
0.50 Nd1 soluble
MR-17
Fresh cucumbers

*7.36

MP-25

SR-6

7.06

7.67

Total Pestle substanees
SMR 12-12

MR-17

MR-25

SR-6

SMR 12-12

7.84

12.56

11.84

12.29

12.60

S.D.11)
8

S.D.

Firm cucumbers

4..92

6.10

7.70

6.47

13.25

16.13

16.03

15.51

Soft cucumbers

2.56

2.31

2.70

2.67

13.00

12.39

15.04

14.05

* Expressed as per cent of the tissue on an ash, sugar, and water-free basis.
(1) S.D. means significant difference at five per cent level of confidence.

TABLE 49
Per cent change in amounts of pectic substances in fraction extracted from
pickling cucumbers at various stages of softness

Description

or

change

-"tor -soluble
MR-17

NR-25

rractLenAelLIeuelkeiklincelel__

SR-6

SMR 12-12

MR-17

salt stock -35.3

SR-6

SMR 12-12

S.D.

From fresh cucumber
to "firm"

MR-25

-35.2

-34.6

-48.1

+27.9

476.5

+93.4

+72.0

+175.a

+139.0

7067-4
)
Prom fresh cucumber
to "soft" salt stock -62.8

-56.1

-57.2

-61.1

+74.5
0

+97.5

S.D.

(1) S.D. means significant difference at five per cent level of confidence as determined
by analysis of variance with interaction present.
(2) N.S. means no significant difference.

VOILE

49

(continued)

Per cent change in amounts of pectic substances in tractions extracted from
pickling cucumbers at various stages of softness
Dencrintion
of
change

0.5N-1101 soluble fraction
XR-17

MR-25

3B-6

SMR 12-12

From fresh cut:tune«
to "firm" salt stock

-33.1

-134,

404

-11,5

Prom fresh cucumber
to "soft" salt stock

-65.2

-32.7

-51.7

-66.0

TABLE 50
Relative viscosities of 0.10% solutions of pectic
(anhydrouronic acid) substances extracted
by 0.5% Verson* at pE 6.0
Description of source of pectin
Fresh
cucumber

Pirm
salt stock

Soft
salt stock

MR-17

1.13

1.13

1.17

MR-25

1.19

1.15

1.21

SR-6

1.12

1.17

1.20

SMR 12-12

1.23

1.19

1.20

Variety_

TABLE 51
Per cent nethoxyl in pectic substances extracted
by 0.5% Versene solution at pH 6.0
Description of source of pectin
Variety

Fresh
cucumber

Firm
salt stock

Soft
salt stock

MR-17

5.8

4.7

4.4o

mft-25

6.9

4.1

44 8

SR-6

5.7

6.6

5.4

SKR 12-12

4.8

6.7

5.7

TABLE 52

Calcium and potassium contente of cucumber varieties
fermented during the 1955-56 season

Variety

Dried tissue of fresh fruit - Partiilly free of
ZtOdesoluple matter and water
Total Per
Per cent
lier cone
Per cent
Per cent
cent ash
calcium
potassium
moisture
anhydrouronic
acid (ash

+H20...fres

basis

Per cent
11,0 and
ETOB-soltibie matter
set basis

SE-10

6,95

0.65

2.28

5.8

15.03

97.7

SR-6

6.43

0.64

1.4

9.1

13.63

98.0

Natl.

6.14

0.57

2.00

8.2

13.57

97.9

msc #1

4.)6

0.6].

2.20

9.9

13.52

98.0

mR-17

6.32

0.52

2.25

5.6

12.86

97.9

MR-25

6.75

0.71

2.28

7.0

12.68

97.9

Yorkstate

7.00

0.64

2.20

8.6

13.73

98.0

sma-3

6.59

0.61

2.22

12.2

13.97

98.0

smR-9

6.53

0.72

2.22

10.1

13.12

98.1

SMU 12-12

5.67

0.56

2.16

8.1

13.16

98.1

Packer

6.09

0.56

2.25

5.2

13.13

98.0

TABLE

53

Mineral contents of dried cucumber tissue from the
fresh fruit and from salt stock

Tissue
Descripti:m

Variety

Sodium
Potassiodium
us per
per cent chloride
per cent
cent of
at
tissue
tissue

Cecil» decium
per ,
NaC1cent of Iree
tissue basis
sevle

eitie£Iss Phosphoras per WA' per
cent of cant of
A.R.A.
tissue

0.329
0.273
0.346

5.96
7.38

Sle 12-12

4..73
4.90
4-95
4.73

0.466
0.566
0.642
0.533

Fresh.
sugarfree

MR-17
MR-25
SR-6
SMR 12-12

3.17
3.30
3.09
2.3b

O 576
O'
O 73
0.553

4 9
4

0.637
0.700
0.679
0.717

Salt
stook,
unfreshened

MR-17
MR-25
SR-6
SMR 12-12

Salt
stock,
freshened

MR-25
sit-6

Fresh,
sugar
left in

MR-17
MR-25

SMR 12-12

* A.H.A.

0.66
0.61
o.68
0.76

1
.3
'
.0$

0.301

33.33
35.33
33.33
35.33

0.66

28.83
27.66
31.26
31.26

3. 5
4.39

0.116
0.038

89.74

0.113
0.128

0.710
0.858
0.692
1.248

73.23
69.42
79.16
79.16

0.166
0.136
0.131
0.149

0.620
o
o.
0.715

89.
83.

anhydrouronic acid (total pectic substances)

6.82
5.33
6.31
8.95
0.108
0.108
0.092
0.050

TABLE

54

Pectolytia enema activity of fresh cucumber expressed
as per cent loee et viscosity of a
standard sodium polypectate solution
Variety

Extract dialysed

4his.

MB-17

23,8

ME-25

143.5
314.14

2.. 2-?

811.6

15.5
414

SW( 12-12
Boiled
Control

464

Lxtract dialystd
and held at 40n
for 2.14 hrs.

31.
32.3

3.9
23.2

32.5
s,D,* 20.1

+75.4
+52.9

57.1
58.2

+37.7
+ 5.1

+13.5
4
,
234

47.8
48 .5

62.8
53.0

36.9
24.5

48.8

+13.2
+12.5

14.8
6.1

S.D.

061.

II. I» 1111111.
nec

* S.D. means significant different» at 1% level of confidence.

RESULTS AND DISCUSSION

L

Part I
Fermentation Studies
The occurrence of softness in salt stock pickles has
been correlated with the mbesence of polygalacturonastelike enzymes (Bell,

Etchells, and Jones,

1950).

Numerous

organisms are known to secrete this type of enzyme into the
surrounding media.

Demain and Phaff (1957) evaluated bac-

teria, yeasts, and molds as sources of pectolytic enzymes
in salt stock pickles.

Bell (1951) showed evidence of pecto-

lytic,enzymes in cucumbers themselves.
Varieties of cucumbers differ in suitability for pickling (Jones and Etchells,

19544

and ware et al,

1950; Jones,

1953).

nchells,

and Monroe,

Although the latter authors

reported no differences in firmness among cucumbers fertilized
with manure or different rates of sodium nitrate,

this fac-

tor could be investigated further.
Because of the possibility of many different sources of
pectolytic enzymes in salt stock brines and the fact that inherent firmness characteristics of cucumbers could interfere
with the detection of enzymatic spoilage,

the emphasis of the

present study was upon managerial control methods during fermentation and u?on the effect of several cultural variables
on the retention of firmness during fermentation.
Although no attempt was made to isolate a particular

..774.

organism responsible for softening, microbiological studies
were made to note any variations in amounts or types of bacteria that could be correlated with the development of softness.

These studies included estimation of total number of

colonies, number of acid-formers, number of peptonising bacteria,

and number of molds.

Examination of the microbial

populations showed no deteoteble differences in amounts or
trends between fermentations yielding tira pickles and those
yielding soft pickles.

A possibility exists that micro-

organisms capable of secreting pectolytio enzymes were present in numbers sufficient to cause softening but not sufficient to be detected by the plating methods used.

This

could be especially true in the case of molds.
Acid development and pH values have been used to indicate the speed and completeness of cucumber fermentations,
(Pederson and Ward,

1949; Fabian, Bryan, and letchells,

1932).

Also the hydrogen ion concentration is an important factor
in preventing the growth of certain types of bacteria associated with the softening of fermenting cucumbers (Vaughn
et al,

1954;

Note. and Vaughn,

1953).

The acidity (as per

cent lactic acid) and pH values were measured periodically
during the 1955-56 and 1956-57 seasons.

Differences in

thistle values among the fermentations could not be correlated
with softening*

The main differences can be correlated with

the lase of the Jar or barrel used for the fermentation and
the salting procedures.

No fermentation showed a pH value

higher than 5.0 for longer than two days.
Tests for pectolytic enzymes by the method of Bell,
Etohells, and Jones (1955) were made periodically on the cucumber brines.

Table

55

shows the pectolytic enzyme acti-

vities of the brines of several variables studied at very
close intervals during the active fermentation stages.

some

of the variables showed evidence of pectolytic enzymes in
the brine at the time of salting.

No correlation was found

between the enzyme activity of the first two days of fermentation when pH values were highest and the final evaluation of the salt stock.
In an attempt to establish a critical period during
which examitAations of the brines for pectolytic enzymes
should be made,

the enzyme eotivities were determined (for

three periods of time) as positive areas obtained from a
curve plotting per cent loss of viscosity of sodium polypectate solution against the days of fermentation.
Figure 2 for a sample curve.

Examination of these results

did not offer any definite conclusims.
stances; however,

See

In a great many in-

if the enzyme activity was low during the

first 20 days of fermentation, then the final evaluation
showed firm salt stook.

A sharp increase in enzyme activity

during the 20 to 15 day period did not greatly affect the
firmness of the salt stock.

There were no significant fluct-

uations in the enzyme activities of the brine after 4â days.
A lack of correlation between pectolytic enzyme

TABLE

55

Pectolytic enzyme activities of salt stock brines during early part of
fermentation period of 1956-57 season
(Expressed as per cent loss of viscosity of a standard sodium
polypectate solution after 44 hours incubation at 30°C.)
Days of fermentation
Variable
Thoroughly washed
cucumbers
Unwashed cucumbers
8lossoms added
Premium size
'lumber two sise
Number three sise
Variety Ohio MR-17
Variety Ohio MP-25
Variety Wisconsin
SR -6
Variety nsconsin
3MY 12-12
10 0 salometer brie
plus acetic acid
20° salometer brine
plus acetic acid
30° salometer brine
plus acetic acid
40 0 salometer brine
plus acetic acid
50° salometer brine
plus acetic acid
Control - no acetic
acid

0

1

2

4

37.2
22.0
43.7
13.8
14.
10.2

10.9
11.9

31.9
18.6

36.0
28.8

54.5

34.8

17.1
•f9
3.14.

11.9

35.5

5

6

7
33.2

31.4

26.9

29.6
et3i
Y
e

11.4

13.4

35.8
29.0

91.9

9

12

13

60.8

97.9

26.1

98.9

35.0

97.3

97.5

98.0

97.5

22.0

98.3

30.5
95.8

89. 8

15.2
81,0

56.4

12.6

14.9

40.8

13.7

7.1

28.3

93.0

92.3

31.5

72.0

53.8

25.3

12.2

83.6

91.5

87.0

81.6

74.5

14.3

11.2

98.2

70.0

10.2

5.9

54.1

10.7

11.9

4.6

14.0

7.4

6.6

9.8

104

6.5

10.7

7.9

8.8

12.7

2.4

51.8

11.0
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activities and pressure teat results was noted.

The great-

est lack of correlation was evident among the different
waritiea, cucumbers of the same variety grown under different
soil conditions, and barrels in which the brine was not
periodically agitated.

See Tables 5, 6,

13, 14, 3,

and 39.

Also, a lack of correlation is evident where the cucumbers
themaelves were heated (Table 16) and where calcium was added to the brines (Table 34).

However, heat and calcium

way have affected the firmness of the salt stock.
Explanations for the lack of correlation between pectolytie enzyme activities and softness are not readily apparent from the present study.

The results showed that the

pectic substances of different varieties varied in their
ability to resist degradation.

Soil conditions, weather,

and temperature may have affected the texture characteristics of cucumbers.

Although all cucumbers were obtained

from the same commercial source and were of the seas variety,
they did come from different gravere.

That cellulolytic

enzymes are present in salt stock brines and may cause softening has been reported by Bell,

M.chells,

and joncs

(1955).

All these factors may have contributed to the lack of correlation between softness and pressure test results.
The specific variables along with the results will be
discussed individually in the following sections.
Varieties.
A total of 15 varieties suitable for pickling purposes

in the heal area were investigated over a period of three
years.

Only three were studied for all thre

for two years.

years and one

The remainder were studied for only one year.

Results, as shown in Table 6, varied;
firmer salt stook than others.

some varieties yielded

There was not a good correla-

tion between firmness and pectolytic enzyme activity.

Al-

though the varieties classified as soft were exposed to enzymes in the brine, those rated firm were also in contact
with high enzyme activity.

These findings prompted the in-

vestigations on the differences in pectic substances among
varieties.
The varieties that could be classified as yielding
fairly firm salt stock regardless of pectolytic enzyme activity ares
(1) Ohio UR-17
(2) Ohio mn -25
(3) Yorkstate
Tho varieties that yielded slightly soft salt stock in
presence of pectolytic enzymes or firm salt stock in the abeence of enzymes are:
(1)
(21
(3)
(4)

Visoonein SE-6
Wisconsin SUR 12-12
Wisconsin SR-'3
Wisconsin SMR-9
Michigan State College #1
(6) Packer

(e)

Two varieties of cucumbers resulted in soft salt stocks
(1) Wisoonsin SR-10
(2) National Pickle
The Wisconsin SR-10 variety had been exposed to strong

-al •

peetelytic enzyme activity,

but the National Pickle had been

exposed to only moderate enzyme activity.
Five varieties were evaluated only during the 1954,- 55
season.

Svaluations of these varieties were not considered

complete and therefore were not listed above because only a
limited number of each was available for pressure testa and
because the pectolytic enzyme test used durin
gave limited resulta.

that season

On the basis of the 1954-55 season

tests, the following varieties were found to be acceptable:
(1) Hycrop-Hybrid
(2) Heinz Pickle
(3) Asgrow SR-l2
The Asgrow SMR-12 and Wisconsin SMR 12-12 are the same variety
but the seed was obtained from different sources.

Two vari-

eties were classified soft as a result of the 1954-55 season
evaluations:
(1) Wisconsin SMR 12-9
(2) Woodruff SME 12-3
Presence of OX00831V0 numbers of cucumber blossoms.
Because of the contention of Etchelle,

13.11, and Jones

(1954-1955) that cucumber blossoms were a potent source of
pectolytic enzymes, blossoms were added to some fermentations
at the time of brining.

The results are shown in Table 10.

On the baste of these results,

it can be stated that an ex-

cessive number of cucumber blossoms in salt stock can cause
softening; however, results with the controls and with sashed
cucumbers indicated that softening also occurred in fermenta-

tiara» where there was not an excessive number of blossoms.
This would indicate that there were other sources of potatolytic enzymes in salt stuck brines or that blossom» present
contained the right concentration enzyme.

The barrels con-

taining an excessive number of blossoms did indicate higher
pectolytic activity than the others.
Different ',rowing areas.
The results with cucumbers from different growing areas
were variable.

The rosults, as seen in Table 14, varied

from season to season and from grower to grower.

Cucumbers

grown in the "Hill" areas yielded soft or slightly soft salt
stock for all three neesons.

rho

results with cucumbers

from the "Hatfield" area were generally satisfactory.
"Northampton" area results were variable.

The

One grower furn-

ished cucumbers which gave very soft salt stock one year and
firm the next.

There was poor correlation between enzyme

activity and softness.

Whether the variable results with

cucumbers from different local areas is due to teuperature
or soil differences could not be determined from the present
study.
Pasteurizing cucumbers.
In an effort to thermally inactivate some of the enzymes,
cucumbers were heated at 180 °P.
cooled, and fermented.
factory.

(82.4°C.) for 15 minutes,

The resulte were conpletely unsatis-

All the salt stock was very sort,

but of a different

type of softness from that caused by enzymes.

The softness

.83-

was probably due to heat degradation of the tissue and not
due to pectolytie enzymes.

The results are shown in Table

16.
Draining actively fermenting brine.
As shown in Table 20,

draining of actively fermenting

brines and replacing them in each case with freshly made 40"
salometer brine resulted in firm salt stock.

Pectolytic

enzyme activity aa compared to that of the control was lessened to a large degree.

The actual time of draining within

the range of one to six days did not seem to make much difference.

The fermentation,

as measured by pH values and

acid development, was slightly retarded, but apparently not
enough to have any harmful effect.
The draining of brines after 36 hours has been reported
by Etchells,

Bell, and Jones (1954-1955) to drastically re-

duce the enzyme content of salt stock brines.

At present it

seems to be the most practical method for reducing the pectolytic enzyme content of salt stock brines.
*eating actively

br ine

to

As an alternate procecure to draining brines and replacing with freshly made brine to reduce pectolytic enzyme activity, brines were drained from barrels, heated to boiling,
cooled,

and returned to the original barrels.

It was hoped

that the fermentation would not be retarded as much by this
method since the acid formed and the nutrients in the brines
would not be completely lost.

Tables 17,

Id, 21,

and 22 show that the amount of acid

developed was greater and pH values lower where the brines
were boiled and returned than where freshly made brine replaced the drained brine.
Table 23 shows that the pectolytic enzyme activities
of the brines heat treated from Jna to six days after salting were less than that of the control barrel.

All barrels

with heat treated brines yielded firn salt stock.

The exact

time of draining and boiling did not appear to make much difference within a six day period after salting.

There was

greater retardation of pectolytic enzyme develoment where
the drained brines were discarded and replaced with fresh
brine: than where tie,' demined brines were boiled and returned
to the original barrels.
Variation in saltin& procedure.
The effects of original salt concentrations on salt
stock are shown in Table 23.

Fifty degree salometer brine

slowed the fermentation; however,
ed from these fermentations.

firm salt stock was obtain-

Original salt concentrations

lower than 30° salometer yielded softer salt stock than when
30 0 salometer concentrations and higher were used.
firm salt stock at a normal rate

or

To get

fermentation, the original

brine concentration should be in the range from 30 ° to 40°
salometer.
Acetic acid was added to several barrels in this series
to lower the pH below 4.5 in an effort to prevent the growth

of peotolytIc enzyme-producing bacteria.

The lower aalt

fermentations with acetic acid added did show evidence of
pectolytio enzymes.

It would seem that sources of enzymes

other than bacteria were responsible for secreting enzymes
into these brines.

As the salt concentration was increased

(in both series of fermentations), pectolytic enzyme activity was in general less.
Size.
Three common sizes of pickling cucumbers

(Premiums,

Number Two's and Number Throe's) wore fermented for two
seasons.

There were textural differences among the sizes

but when the correction factor of Jones, Etchells, and Monroe (1954) was used to adjust for size differences,
stock was quite similar.

the salt

The premium sise cucumbers were

soft one year but firm the next.

See Table 32.

Size and

maturity by themselves are probably not impprtant factors
in the development of softness in salt stock.
Calcium chloride and alum.
The addition of .0.05 per cent or 0.10 per cent calcium
(as calcium chloride) resulted in firm salt stock in the
présence of high pectoiytic enzyme activity.

The addition

of 0.05 per cent or 0.10 per alum (potassium aluminum sulfate). did not aid in the retention of firmness.

Refer to

Table.34,
The addition of 0.10 per cent calcium resulted in a
more incomplete fermentation in regards to the acid development and lowering of the pH values.

Since 0.05 per cent

.86-

calcium appears to be equally efficient in maintaining firmness, the latter concentration can be recommended.
Bruising cucumbers prior to fermentation:.
Table
salting.

$5

shows results of bruising cucumbers prior to

The bruises were made to offer a means for enzymes

to penetrate easily beyond the outer layers of akin.

âmall

soft, gelatinous areas were noted aruune the bruises; however,

the entire cucumbers did not appear soft.

Bruiaing

did not appear to be an important factor in enhancing the
development of softness.
Surface layer of mineral oil.
A one-half inch layer of mineral oil was maintained on
two and a half gallon jars during the 1954-55 season to prevent the growth of a surface layer of scum yeast.

Although

the pectolytic enzyme activity of the brines could only be
listed as probable, both jara had slightly soft salt
See Table

35.

stock.

Because of the evidence of softness, further

studies were abandoned.
TEP? (tetra-ethyl pyrophosphate).
Cucumbers that had been sprayed with the insecticide,
TEPP, were used by a commercial firm during a season that
softening of salt stock was prevalent.

To investigste the

effect TEPP had on salt stock, two jars of TEPP sprayed cucumbers were fermented.

The cucumbers in one of the jara

were thoroughly washed prior to salting.
salt

stock as shown in Table 35.

Both jara had firm

TEPP did not appear to

influence 'eho teeture of the salt stock.
1;urface layers of scum yeast.
eeverel barrele of sLlt eteek were fermented anu cured
with a minimum of aeitation.

he only agitation given the

brines in these barrels was Lemetelately after the addition
of salt.
an

'eurfeee layers of scum yeast were allowed to form

remain on the surfaces; however, the sours yeast layers

die: not appear ta be an
Gil un berrealz given

moro abundant then the layers form-

iore frequent and severe aAltation treat-

ments.
As noted in Table
salt stock.

39 none of the barrels yielded firm

)either did an

pectoltic enzyme activity.

of the barrels show significant
The reasons for thie ccuplete

lack of correlation between enzyme aceivity ane
not known.

(inc possibility

aoftnese are

is that the scum yeast deeleted

enough ut the lactic acid in the upper .most layers of the
brine to allow degradetive enzymes - other than pectolytic to be formed and oct.
clarify this

leurther study would be required to

,oint.

This study indicated that the test of F4,11,
and Junes
in salt

:tchells,

(1955) can tot be relied upon to detect softneee

stock pickle fermentations in all cales.

Pertiliser treatments

or

sells.

Cucumbers of two varieties were grown on soils with
varying levels of nitrogen and

eotaseium.

The varieties

were the Ohio âe.17, which had consistently given firm salt
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stoók, and the Wisconsin SME 12..12, which gave the least
desirable salt stock,

as to firmness, of the tour major vari-

eties studied.
Early and late season cucumbers were pressure tested as
fresh cucumbers and an salt stock.
Table 40.

The results are shown in

Calcium chloride solution was sprayed periodically

on a portion of the cucumbers to observe any effect that such
a spray would have on firmness.
The fresh cucumbers of the tUsounsin 44R 12-12 variety
sprayed with CaC12 solution appeared to be firmer than the
unsprayed.

These differences were noted in both the early

and late season cucumbers.

The differences between the spray-

ed and unsprayed fresh cucuMbers of the

ftlio MR-17 variety

were not as great nor as consistent as those of the
SME 12-12 variety.

sconsin

The differences between sprayed and un-

sprayed cucumbers evident in the fresh cucumbers were not
present in the salt stock.

Therefore,

for firmer salt stock,

CaC12 sprays were not beneficial.
The dhlo MR-l7 variety remained firmer than the Wiscon.sin SMR 12-12 variety throughout the fermentation procedure.
See Tables 40 and 41.

The differences between the two varie-

ties varied with the fertiliser treatments given to the soils.
The pressure teats for the Wilo MR-17 variety did not vary
much among the plots.

The pressure tests of the 'î,isconsin

SMR 12-12 variety differed among the plotà for early season
cucumbers, but not anong the plots of late season cucumbers.
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The difference between the two varieties was least where
there were two levels of potassium to one level nitrogen.
The results of this study indicated that the firmness of
cucumbers may differ according to the nature and amounts of
soil nutrients available and that the extent of the effect
varied between the two varieties studied.

Early season cu-

cumbers were affected by the variable soil nutrients to a
much greater 4extent than the late season ones.
However,

the results of analyses made on the cucumbers

for calcium, potassium, phosphorus, and nitrogen did not
reveal any significant or consistent differences between
the varieties.

See Table 56.

be made between the
sults.

Neither could any correlation

lineral contents and pressure test re-

Calcium chloride sprays did not increase the calcium

content of the tissues.

These studies were limited,

and

with replicates, significant differences might become evident.
Time of harvest.
Tables 20, 23, and 32 on the effects of sise variations,
salting procedures, and drainage'procedures showed results of
early and. late season cucumber fermentations.

A survey of

the ratings of the early and late season fermentations revealed the followed distribution of final evaluations:
Uumber Firm

Number SlightV Soft

Number Soft

3

0

Harly Season
Late Season
The results were not conclusive.

Only two out of seven

early fermentations remained firm while four out of seven

iheLs 56
Mineral contents of dried tissue from fresh cucumbers grown
on plots fertilised with varying levels
of nitrogen and potassium

Plot
deserlptiam
,
_
1 Nitrogen
1 Potassium

II
1 Nitrogen
2 Potassitna

III
2 Nitrogen
1 Potassium

IV
2 Nitrogen
2 Potassium

Variety

Caloium
Potassium
(p.pi m.1
dàcle
ar7
Late
farly
Late
spraylid season season season
seas=

Phosphorus
-(%)

Ytariy

tat*

Nitrogen
(%)

till- y Late

season season sea-jliag

smen2
Ohio ua-17
kise. aME-12
Ohio MR-17

SXR-12
Ohio MR-17
Wisc. SMR-12
Ohio MR-17

Wisc. SMR-12
Ohio MR-i?
is*. SMR-12
Ohio MR-17

Wisc. UR...12
Ohio MR-17
Wise. AR-12
Ohio MR-17

z

z
z

30.0
32.0

30.6
35.5

22.3
17.8

136.5
135.0

23.9
25.7

137.5
140.5

30.5
27.5
26.9
27.1

17.6

105.0 ,

23.7
27.8

126.5
133.0

24.6
29.2

25.0
20.0

122.0
122.0

30.5
23.1

28.2

25.6
21.8
20.9

4.6

126.3

24.4
24.4

101.5
104.0

304

104.0

29.8
32.3
24.6

111.5
111.0
111.3

110.0
104.0
112.2

110.0

O
5
O
O

116.0
125.0

102.5
135.0

130.5

129.0
131.5
163.0

0.65

0.68

0.60

0

3.49

0.2

3.43

0

3.39

sea-.
son

S.

3.25

3.48

0.55

0.50

3.67

.10

0.62

0.58
0.54
0.57

0.58
0.54
0.61
0.52

3.7
3.
3.07
3.36

62
3.57
3.8Q
3.95

0.h
0.

0.64
0.514.

3.2i
3.7
3.26
3.27

3.
3. 67
3.17
3.53

0.55
0.52

0.511.

0.50
0
0.14.9

0.57
0..52

0.64 3.15 3.46

0.58
0.
54
0.59

3.37 3.4-6
3. 23 3.18
3.13 3.45

late season fermentations were firm.

Because of the limit«.

ed number of barrels and the occurrence of firm and slight
soft cucunbers in both series, no statement could be made
as to which cucumbers were more susceptible to softening.
Softening did occur in both early and late season fermentations.
Commercial fermentations.
The results of coortercial fermentations followed at the
D. X. Jewett Company,
listed in Tables 42,

touth Deerfield, Meesachusetts,

43,

and

44..

are

The final evaluations were

made by personnel from the commercial firm at the time that
the vats were opened and used.

Their evaluations did not

spree in all cases with the presure test results.

It must

be remembered that a limited number of pickles were pressure
tested.

Also the cucumbers were from the top layers of the

vats and probably were not completely representative

or

the

entire vat.
Variation in sise of cucumbers did not seem to affect
the develonment or occurrence of softenire in the

salt stock.

These results agree with the results of the experimental fermentations at the Department of Food Technology,

University

of Massachusetts.
The effect of previous histories of softness on the quality or the salt stock of the present year was followed in
several vats.

Results varied.

Two vats with previous his-

tories of softening had soft salt stock; one had firm salt
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stock; and two vats were drained and yielded firm salt
stock.
Draining vats of actively fermenting brines shortly
after salting did obeem to be of some help.

Uver the two

seasons that 25 comeercial fermentations were followed,
only two out of ten vate that were drained yielded slightly
soft salt stock.

Seven out of the remaining 15 undrained

vats had soft or slightly soft salt stock.

These results

agreed with those obtained with the small scale experimental
fermentations.

Part II
Pectic SAlbetance Studies

That varietien of cucumbers differ in their suitability
for pickling has been shown by ware et al (1953), Jones and
Etehells (1950), and Jones, Utohells, and Monroe

(1954).

Their evaluations were based on firmness tests with the USDA
fruit pressure tester with notations made on susceptibility
of the varieties to bloater formation.

Table 46 shows that

the four varieties in the present study differed in firmness both as fresh fruit and after curing in brines with
moderate or extremely high pectolytic enzyme activities.
See Table 45 for relative pectolytic enzyme activities of the
brines.
A USDA fruit pressure tester fitted with a 5/16th inch
head was used for the pressure teats.

It is admitted that

skin toughness and the size of the seed area of the cucumbers
vary with individucl cucumbers and interfere with the true
evaluation of firmness.

lowsever,

the fruit pressure tester

used with a large number (30 to 50) of samples from each
variety did give results that agreed in general with organoleptic evaluation and characterization of firm and soft eucumbers and salt stock.

It wee concluded the fruit pressure

tester was the beat instrument available et the present time
for evaluating firmness.

Precaution was taken to use a large

number of samples for a representative evaluation,
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The pressure test results, summarized in Table 40,
when compared with peotolytic enzyme activities of the
brines, indicated that the presence of peotolytic enzymes,
as shown by the loss

or viscosity method or Bell, Etchells,

and Jones (1955), can cause softening of salt stock pickles.
This is evident upon comparison of the overall pressure
test drops tram the "firm" to the "soft"
agrees with the findings of Noll,

salt stock.

tchelle,

and Jones

This
(1950).

These results also indicated thet the significant differences in firmness «song the fresh unsalted fruits of the
different varieties carry through durinïr the brinine and curing in brines of either moderate or high enzyme activity.
That is, the Ohio MR-17 variety is significantly firmer than
the 'ilsconsin 2P-6 and the
all the tests run.

_sconsin

nmn 12-12 varieties in

The Ohio KR-25 variety can best be clas-

sified as slightly better than the softer varieties.
tal differences,

Varie-

therefore, must be taken into considera-

tion in the evaluation of salt

stock for firmness and in

the interpretation of the lose

or

viscosity tent for pecto-

lytic enzymes as an indication of softness.
To determine exactly whet changes occur in the cucumbers during softening,

and because softening had been cor-

related to pectin - degrading enzymes,

a study was made of

the pectic substances of the four varieties of cucumbers
for the fresh unsalteti fruit,
salt stock.

"firm" salt stock,

and "soft"

An attempt was made ta correlate varietal

-

difference in firmness with varietal differences in pectic
substances or changes in pectic substances.
First, total pectic substances were determined on a
wet basie,tor the fresh fruit and the salt stock.

Table 4,7

indicates that ahio MR-17 may have more total pectic substances (as anhydrouronic acid) per unit volume of cucumber
fruit than Wisconsin SMR 12-12.
among the treatments (fresh,

The total pectic substances

"firm" salt stock, and "soft"

salt stock) can not be directly compared because of the additional salt that had been abso>bed during the brining of
the salt stock.

However,

the salt concentrations among the

salt stock pickles in each type of brine were about equal
and a °caparison of the changes in total pectic substances
from fresh to "soft"

salt stock were made.

terms of por cent are given in Table 47.

The changes in
The greater in-

crease in total pectic substances in the Wisconsin 3R-6 and
Wisconsin

MR 12-.12 varieties may indicate a greater break-

down of pectic substances in those varieties than in Ohio
MR-17.
The method of McCready and McComb (1952) was used for
these analyses.

This method depends on de-esterification

and enzymatic degradation of the pectic substances for extraction and there is the possibility that the complete removal of the pectic substances is not accomplished by this
extraotion.

More of the absolute amount of pectic substances

may have been broken down in the sorter varieties to a form

extractable by the reagents used tor the analysis.
The results of these studies, either ae to differences
in amounts of or changes in total pectic substances, were
limited and no statistical analysis of the data was attempted.

The data may indicate differences that would be statis-

tically valid if more replicates were run.
More detailed studies of the pectic constituents of
fresh fruit and salt stook were made on dried,
tiseue samples.

gutter-free

The pectic substances of each tissue um-

pie were fractionated into water-soluble (pectin), Q.
cent Versene-soluble

(pectinic acid),

acid-soluble (pretupectin) portions.

and O.

per

N hydrochlorie

The results as per

cent anhydrouronic acid in each fraction are listed in table

The general development of softness, as measured by the
U.S.D,A. fruit pressure tester, correlates well with overall
changes in pectic substances soluble in Versene and dilute
hydrochloric acid.

There is an increase in the Versene-

soluble fraction and a decrease in the acid-soluble fraction,
indicating a greater breakdown of protopectin to péctinic
acid in the "soft"

salt stock.

The magnitude of these changes

can be nore readily seen in Table

49.

These results agree

with those of Vablan and Johnson (l93d) who found an increase
in soluble pectin in spoiled pickles while the total pectic
substances did not change.
Studies were made on alcohol precipates from the Verson,-
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soluble fractions for the degree of methyl eeterification
(as per cent mathoxyl (CH3 0-))

and the relative viscosi-

ties of the pectic substance.

he results of these tests,

summartzed in Tables 50 and 51, do not indicate conclusively whether or not anu hydrolyais of the poctlo substancee
of the Versene-soluble fraction occurred during fermentation or softening.

The viscosities of extracta from fresh

cucumbers were not much greater than those of the solvent
indicating little viscosity to begin with.

JUeo there may

have been some degradation during the extraction,
tation, drying,

precipi-

and re-dissolving of the pectic substances.

Although there may have been some hydrolysie of the pectie
substances in the pectinic acid traction, thero also was an
inerease in that fraction during fermentation and softening.
The effect of this adcA.tional material from the breakdown
of protopectin on the viacesity is not known.

The contri-

bution of partially hydrolyzed pectic substances to viscosity
meseuraments is not known.
Jansen end MacOonnell

(1945)

have advanced the hypothesis

that at least two adjacent free carboxyl groups are required
before polygalacturonase can hydrolyse the glycosidio bond
associated with them.

The present results on the degree of

esterification indicate that such a possibility exists where
two adjacent free carboxyl groups could easily occur.

The

maximum theoretical amount of esterificstion is 16.3 per cent
methoxyl.

Assuming 16.3 per cent methwyl content is 100 per

.9?.

cent degree of esterification,

the present results show that

only 24.6 to 42., of the theoretical

MAXIMUM

fication is found in the pectinic acids.

degree of esteri-

This would then

leave from 57.7 to 75.4 per cent free carboxyl groups in the
pectins.
The results of the tests for methoxyl content and relative viscosities, therefore, allow for the possibility of
the existence of a polygalacturonase -like enzyme as was
tested for in the brines.

That this type of enzyme or en-

symes accompanying it siso are responeible for the conversion
of protopectin to pectinic acid is indicated by the present
studiee.

Mxamination of Tables 45, 46,

following correlations.

and

49

point out the

With an increase in activity of a

polygelacturonase-like enzyme in the salt stock brines,

there

is an accompanying decrease in firmness and an increase in
the conversion of protapectin to- pectinic acid.
Several recent reviews of pectic substances and pectic
enzymes Mertes*. 1951;
%off,
bility.

Mhaff and Joslyn,

1947;

Joslyn and

1947) report tindlngs that substantiate this possiFor

an

years it ras believed that protopectinase

was distinct from the enzyme that hydrolyzed pectinic acids.
There is now the tendency toward the view that protopectinane
are pectin-nolygelacturonnee are identical or that both exist
in a pectic enzyme complex.

These views are in harmony with

the present belief that protonectin is either a modification
of pectinic acid or is comnosed of very large pectine acid
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moleculea.
Tables to and 49,besides indicating general overall
changes in pectic substances, also point out differences
among the tour varieties.

Analyses of variance, based on

a randomised block tabulation of data (enedecor,

1953),

of the amounts of pectic substances extracted in fractions
for the four varieties (Table 43) revealed significant difterenoes only in the water-soluble tractions for all three
types of tissue.

Significant differences were also noted

among the Versene-soluble tractions of the "soft"

salt stock.

There la a rank correlation between the pressure test
results for the freah cucumbers of the different varieties
and the per cent water-soluble pectic substances.

The only

statistically valid difference (at the five per cent level
of confidence), however, was between the firm Uhlo MR-17 and
the softer Wisconsin SMR 12-12.

The other data for the

fresh cucumbers did not reveal significant differences.

This

comparison may indicate that the firmness differences among
the cucumber varieties prior to fermentation are related to
the nature of the pectic substances, specifically,
of water-soluble pectin.

the amount

âith more replicates, more dif-

ferences might become significant.
Table 49 shows differences in the changes in pectic substances among the tour varieties.
the changes,

A statistical analysis of

(analysis of variance with interaction present)

of the pectic) substances soluble in 0.5 per cent Verson.
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indicated that there was less increase in the pectinic acid
traction of the Ohio MR-17 variety during fermentation and
softening than there was in Wisconsin SR-6 and wisoonsin
310. 12-12 varieties.

There was a difference between Uhl()

MR-17 and jltio Ku-.25 during fermentation but not during
softening.

These differences would indicate leas conversion

of the protopectin topectinio said in the firmer variety.
It would appear that the pectic substances of Jhlo £1-17 cueumbera are of such a nature that they are more resistant
to change during fermentation and softening.
That the characteristics of the pectic substances differ among varieties of the same vegetable or fruit have beeri
shown for materials other than cucumbers.

Kertess

(1951)

reported summaries of studies made with apples, peaches,
bananas,

and pears.

Wh o Leonard, and Dempsey (1954) com-

pared the pectic substances of three varieties of tomatoes
and found differences.

Differences in the above studies were

noted among varieties during ripening or storage.
There is no indication of variation among changes in
the acid-soluble fractions of the varieties.

It was impos-

sible to control several variables enoountered in this extraction; namely, uniformity of heat,and uniformity of stirring speed.

The extracting agent,

of heat, proved to be a strong one;

aided by the application
there is the possibility

that it did not quantitatively extract pectic substances.
Whereas the other extraction» were fairly uniform and repro-
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sented trends, erratic results were obtained with this
fraction.
Because calcium eft', combine with certain types of
pectic substances, and by forming a calcium pectate gel,
contribute to firmness Mertes* et al,

190; sterling,

1956;

and Joslyn and Pilaff, 1941), calcium analyses were made on
the dried tissues of fresh cucumbers with and without the
extraction of sugars by 95 per cent ethanol, and on dried
tissues of the "fire salt stock,
freshened.

unfroshened and partially

Because of possible interrelationships, potas-

sium and phosphorus determinations were run on the same tissues.

Table 52 gives the results of analyses of dried tissue
of fresh fruit of 11 varieties grown during the summer of

1955.

Table 53 shows the results of analyses of tour vane.

ties grown and brined during the summer of 1956.
of Table

53

The tisaues

are fro!! the varieties and fermentations used

for characterisation of changes in pectic substances auring
fermentation and softening.

To obtain the calcium contents

of the salt stook on a basis by which they could be compared
to those of the fresh tissues, the amount of sodium in the
salt was determined,

calculated as sodium chloride,

calcium then given on a audium chloride0free basis.

and the
The

overall higher results for the salt stock are due to the removal of fermentable or soluble matter from those tissues
durinct the salting and fermentation.
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It calcium had an effect on firmness in these studies,
a higher calcium content, either as per cent of the total
tissue or as per cent of the anhydrouronic acid in those
tissues, would be expected in the firmer variety.

Contrary

to such opinion the calcium seems to be higher in the softer
salt stock, both =freshened and partially freshened, than
it is in the firmer variety.

No correlation between firmness

as measured by the fruit pressure tester and calcium contents of the tissues can be made.

The Qotassium and phos-

phorus analyses did not clarity the situation.
As a final st1.4y :4s, the nature of pectic substances in
pickling cucumber*, the relative pectolytic enzyme activity
of extracts of the fresh cucumbers was determined by the
viscosity method used tor detecting similar enzymes in the
salt stock brines.
of

nell (1951) to

See Table

An adaption of the method

the method of Bell,

(1955) was made and used.
tion.
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Rtchells,

and Jones

All extracts were of equal dilu-

The results indicated that a loss of viscosity occur-

red in a standard sodium polypectate solution for all extracte at OR 4.1 and 5.0.

The loss of viscosity for the

firm Ohio MR-17 variety was less at both pH values than it
was for the other threl varieties,

indicating less peeto-

lytic enzyme activity for the firmer variety.
Kertess
of

(1951) criticizes prolonged tests, such as that

iell (1951) on kwïeria points.

Jolutions of pectinlc

acids show gradual irreversible loss in viscosity even in
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the absence of enzymes.

Por this purpose the results with

boiled controls are listed in Table

54.

Also,

the effective-

ness of toluene as a preservative has been questioned.

The

determinations for pectolytic enzymes were made in duplicate;
it is doubtful if much close agreement as wits obtained could
have been obtained if microbial contamination of an unknown
degree had been present.

The danger

or

contamination was

lessened by incubating and determining viscosities without
the need for transfer from a flask to a separate viscometer.
Ostwalde-Panske modified viscosity pipettes were used for
both puposes.

The main reason for using the viscosity method

was that it was the method used for determining similar enzymes in the salt stock brines.
These tests indicated that the cucumbers themselves may
be important sources or pectolytic enzymes.

The Uhio MR-17

variety showed significantly less pectolytic enzyme activity
than the three softer varieties.

Although the enzymes pre-

sent in the cucumbers may not by themselves causo complete
softening, they may act as auxiliary enzymes to tilt)» from
other sources and thus hasten softening of cucumber salt
stock.

SIMAARY .41;D Col:1012031.MS

Perraentation studies.
Factors influencing the firmness of salt stock pickles
were studied over a period
teriological,

or

three yearn by perioaic bac-

chetaical, and physical exaeinations of several

commercial fermentations and of email scale experimental fermentations.

The results indicated that several factors alay

be interrelated in causing softness.
3n the, basis
can be renommended

or

the present study several procedures

118

aida in preventing softness.

ti) Within a period uf une to six days,

drain the actively

fermentinp; brine and replace it with freehly Jade 40 c) salo meter brine.
(2) Within a period of une to six days,
the actively fermentin
(3)

dralh,

b1.1,

and cool

brines.

laintain a pelt concentration between 30 0 and 40 ° salo -

meter in the actively fermenting brine.
(4) Remove excessive numbers of cucumber bloaeoms.

Cucumber

blossoms can enhance the development of softening; however,
they are not the sole source of pectolytic onzymen in salt
stock brines.
(5) Add 0.05 per cent calcium (ab calciust chloride)

to the

fermentation at the time of salting.
(6) reriodically agitate or circulate the brine.
Several factors were investigated that had no significant

effect on the development of softness in salt stock pickles.
These factors included:
(1) Variations in size.
(2) Addition of 0.05 and 0.10 per cent alum at the time of
salting.
(3) Bruised cucumbers.
(4) Use of a surface layer of mineral oil to prevent growth
of a surface layer of scum yeast.

(5)

Use of cucumbers sprayed with UP? (tetra-ethyl pyro-

Pho»Phate) prior to harvest.
(6) Use of cucumbers heated at 180 °P.

(62.0C.) for 15 min-

utes to destroy enzymes.
(7) Time of harvest (early season vs late season).
(8) Addition of sufficient acetic acid to immediately lower
the pH value of the fermentation mixture below

4.5.

A lack of correlation between the reaulta of the viscosity method tor detecting pectolytio enzymes and actual
occurrence of softness was evident in a number of the studies.
Several factors affected the inherent firmness of salt stock
and influenced the detection and development of softness in
cucumbers.

These factors were:

(1) Varietal differences.

Several varieties remained firmer

than others in the preeencir of equal or higher pectolytic ensyme activity.
(2) Growing areas.

Cucumbers of the same variety grown in

several different local growing areas differed in textural
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charaoteristics.
(3) Fertilizer treatment.

Cucumbers grown on plots where the

nitrogen and potassium contents of the plots varied revealed
differences in firmness.
Pestle substance characterisation.
These studies on the pectic substances of different varieties of cucumbers at various stags of softness have partially explained the difference in firmness amone, varieties, both
fresh and fermented, hive helped explain the lack of correlation sometimes obtained between pressure tests for firmness
and evidenee of appreciable pectolytie enzyme activity in
the fermentation brines, and have characterized the changes
in pectic substances that occur during softening.
The conclusions drawn from these studies are as follows,
1. Pectolytie enzymes cause softening of salt stock
pickle.

However,

aortain varieties were inherently firmer

than others as fresh cucumbers and remain firmer during fermentation even in the presence of high pectolytic enzyme activity in the brines.
2. The general developiient of softness in cucumber salt
stock was accompanied by a conversion of the acid-soluble
pectic substances (protopectin) to Versene-soluble pectic substances (pectinic acid).

It was not possible to determine

whether further degrada ion of the pectic substances had accompanied this conversion.
3. Of the four varieties of pickling cucumbers stutiied
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from the firmness point of view, the Ohio MR-17 variety was
the beet.

The Wisconsin SR-6 and A.sconsin alti 12-12 varie-

ties were the sotteet and ranked equally low.

The Ohio MR-25

rated an evaluation slightly better than the A.scontsin varieties.

Factors included in this evaluation were the pressure

test results for fresh and fermented cucumbers, resistance
of the protopectin to breakdown durirei; softening, and relative pectolytic enzyme activities of extracts of the fresh
cucumbers.
1u the presence of aeproximately equal ensym activities,
the protopectin of the Ohio MR-1 .1 variety resisted conversion
to pectinic acid to a greater degree than that of the softer

4,

There was no correlation between caleilam contents of

the tissues and firmness.
water extract of the fresh cucumber of the Jhio
MR-17 variety indicated leas pectolytic enzyme activity than
a similar extract from the other three verities.
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